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The work described in this col l ection o f  scienti fic papers covers a 
wide spectrum of infectious agents, viruses, chl amydi ae and bacteria, some 
of which produce diseases and others inapparent infections. Some of the 
agents described were new to science in the world and others previously 
known in other countries, but new to Austral i a .  Particular emphasis was 
given to the study of pneumonias of sheep and cattl e and to arbovirus 
infections and diseases of cattl e and birds .  
Cl inical mucosal disease was found to occur in  South Australia and 
l ater , by means of a serol ogi cal survey, mucosal disease virus was 
demonstrated to be a common infection of cattl e throughout Australia and 
Papua-New Guinea ,  and to have a far greater preval ence than reports of 
clinical disease had suggested. 
The i sol ation of  bovid herpesvirus 1 from the eyes of cattl e with 
keratoconjunctivitis and the prepuce of heal thy buffaloes is described . 
Generalized c utaneous l esions (Pseudol umpyskin) 11as shown to be present in 
Australian cattl e associated with bovid herpesvirus 2. Two Australia-wide 
serological surveys for antibodi es to bovid herpesvirus 1 and 2 showed 
di fferent geographical distributi ons , though antibodies to each virus were 
more prevalent in cattl e in far northern Austral ia. Thi s suggested that 
different mechanisms were important in the spread of the two herpesvirus 
infections .  
The growth pattern of a virul ent Al biston and Gorrie strain of 
Newcastl e Disease virus was determined and a replication cycl e of 6 hours 
was demonstrated. The strains of Newcastl e  Di sease Virus isol ated in 
Australia in 1966 were virtual ly apathogenic for chickens of any age, or 
even embryonated eggs. One strain (V4) was demonstrated to be protective 
against a vel ogenic strain of tlewcastl e Disease virus i sol ated in 1932 in 
Austral ia ,  and was thus sui tab 1 e as safe vaccine without the necessity for 
attenuation. 
Three arboviruses ,  new to science were isol ated from ticks associated 
with seabirds namely a fl avivirus, Saumarez Reef virus from Ixodes 
eudyptidis and Ornithodorus capensi s; another flavivirus, Gadgets Gul ly  
virus; and " Uukuvirus named Precarious Point virus from Ixodes uriae. An 
unc l assified virus,  Lake Cl arendon virus ,  a new virus not associ a ted with 
seabi rds,  was i sol ated from Argas robertsi col l ected from a cattle egret 
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( Bu l bul cus i b i s )  colony. Neutral izing  antibodies to  Lake  Cl arendon v i rus 
were found in cattle egrets but not so far in other species of birds and 
animals . 
A 1 i nk between the grazing  of a pl ant, Ech i um pl antagi neum by sheep, 
and consequent pyrol l iz i di ne al kaloid poi soni ng was found in South 
Austral i a .  
A n  i nvestigation of pneumonia o f  sheep i n  Australi a ,  particul arly i n  
V i ctoria and Queensl and, demonstrated a n  assoc i ati on of  l ung l es ions w i th 
a wi de spectrum of i nfectious agents, bacteri a ,  mycopl asmas and viruses . 
In contrast, no evi dence of chl amydi a!  i nvol vement was found as had been 
suggested to be important i n  the Uni ted States of America.  Parainfl uenza 
3 viruses were i sol ated from sheep and al so from a cow with cl i ni cal 
pneumon i a  for the first time from each species in Austral i a .  Serol ogical 
surveys of the sheep and cattl e popul ations of Austral ia showed that 
i nfection wi th these vi  ruses occurred in most heal thy herds and flocks .  
Para i n fl uenza 3 v i rus i nfecti on was al so demonstrated to occur in  calves 
in i ntens i ve rearing u n i ts in north Queensl and wi thout concurrent cl inical 
pneumon i a .  However, t he factors which determined whether o r  not 
parai nfl uenza 3 v i  ruses produced di sease in nature, were not defined 
before the i nvesti gati on was concl uded. Cl i ni cal pneumonia was produced 
experimental l y  w i th para infl uenza 3 v irus i n  young steers and l ambs. 
Mycopl asma ovi pneumoni ae and !:!.:_ di spar were associ a ted w ith s 1 owly 
devel oping intersti tial  pneumonias  of l ambs and cal ves respectively. 
Thes� organi sms were used to produce acute pneumonias in colostrum 
deprived l ambs or cal ves under experimental condi tions .  The pneumonias of 
sheep i n  P.ustra l i a  were reviewed i n  assoc i ation �< ith Dr . N.D.  Sul l i van. 
A sentinel herd scheme was establ i shed to mon i tor  v irus i nfections of 
cattle i n  Austral i a  between 1969 and 1978, fi rst by means of serol ogy and 
1 ater al so by the i sol ati on of v i ruses from the bl ood from which  serum was 
separated. The fol l o �<i ng viruses were i so lated from sentinel cattle: 
bovid herpesvi rus 2,  bovi ne ephemeral fever, Kimberl ey ,  Akabane, Aino,  
Pea ton, Ti  naroo, Dougl as ,  D 'Agui l ar ,  CSIRO V i l l age, i1arrakai , Bunyfp 
Creek, bl uetongue v iruses of 2 serotypes,  and 4 different vi ruses of the 
epi zootic hemorrhagic di sease serogroup. Most of these v i ruses have been 
appl ied to ti ssue cul ture neutra 1 f zati on tests to determine anti tody prev­
alence i n  cattle and other spec ies of domestic animal s and thus placed i n  
a geographical context and rel ated t o  known vector di stri butions. Afno, 
as wel l as Akabane v i rus wa; l i nked w i th arthrogrypos i s  and hydranenceph-
v. 
aly of cal v e s in the Nev., England area of New South Hales thus expanding 
knovvledge of the role that Simbu group viruses play in teratogenesis. 
r�ore intensive epidemiological studies were focussed on tv10 
particular senti re1 herds, one 1 ocated at Beatrice Hi 11, Northern 
Terri tory and one at Peachester, Queensland. The combined entomol ogi ca 1 
and virological studies have determined that the most probable major 
vector of each of the viruses described in the previous paragraph, except 
for bovid herpesvirus 2, is the midge Culicoides brevitarsis. Serological 
surveys carried out with the arbovi ruses showed the di stri buti on of 
antibodies in cattle to lie within the approximate geographical limits of 
thi s insect, and sequential serol ogy on sentinel cattle has demonstrated 
that antibodies devel op at seasons of the year when C. brevitarsis 
populations are highest. 
Bluetongue vi rus \'las first recognized to be present in Australia in 
October 1977, though actually isol a ted in 1975. Three different serotypes 
of bluetongue virus, 1, 20 and 21 \'/ere i sol ated in all, the latter t�-10 as 
a resul t of a deliberate search. The pathogenicity of each serotype for 
sheep and lack of pathogen1city for cattle v-1as shmvn by experimental inoc­
ulation. In joint studies with entomologists, the reason for the freedom 
of the Australian sheep flock from bluetongue disease was shown to be due 
to a complex of e c o l ogi c al factors which affect the sheep population and 
the Culicoides species, that are the vectors of bluetongue viruses, in a 
reciprocal fashion. Bl uetongue virus infection is virtually confined to 
subslinical infections of cattle and buffaloes a1d impinges o�ly marginal­
ly into the sheep rearing areas of Australia. Four serotypes of epizootic 
hemorrhagic disease virus, with type strains CSIRO 157, 439, 753 and 775 
were isolated from healthy sen ti nel cattle or Culicoides species and, with 
DPP59 isolated by Dr. G.P. Gard, were partial ly characterized and shown to 
infect cattle and deer in nature. Four of these viruses were demonstrated 
to be serotypes new to the world by the Pl um Island An imal Disease Labora­
tory. One virus, CSIRO 439, was almost identical to epizootic hemorrhagic 
disease virus ( type 2) and also to Ibaraki virus. All five viruses pro­
duced viraemias in sheep when infected experimentally, however only CSIRO 
157, CSIRO 753 and DPP59 viruses produced fever and malaise in sheep. 
The epidemiology of bovine ep:1emeral fever in Austral ia was recorded 
betv�een 1969 and 1982, a period �'lhich covered 5 major epidemics. 
Ephemeral fever virus was isolated from 82 of 329 cattle \'lith clinical 
ephemeral fever in this period. A more detailed epidemiological study of 
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seven senti nel herds i n  the Fl i nders River bas i n  of north Queens 1 and 1974 
to 1977, in a cooperative project with the Queensl and Department of 
Primary Industries, found that ephemeral fever occurred there each summer 
but that there was no evi dence of cl i ni cal or subcl i n i cal i n fection in the 
wi nter. The overwi nteri ng mechani sm was not i denti fied. 
In association w i th entomologists, ephemeral fever vi rus was i solate� 
from Anophel es bancrofti i and al so from a mixed pool of four other species 
of mosquito, thus prov i di ng di rect evi dence that mosqui toes may be vectors 
of thi s  v irus. The i nfection of sentinel cattl e by the anti genical l y  
related Kimberl ey v i rus was found to resul t i n  the devel opment o f  hetero­
typi c  antibodies to bovine ephemeral fever virus,  as wel l as antibodies 
homotypic to K imberl ey v i rus, thus accounti ng for apparent anomal ous 
serol ogical resul ts in previous surveys and diagnostic tests w ith bovi ne 
ephemeral fever v i rus.  A fall in total serum calc i um and a rise of up to 
four-fol d i n  serum fibri nogen l evel s were shown to occur i n  sentinel 
cattl e natural l y  i nfected with ephemeral fever, thus providing quanti ta­
tive i ndicators of the effects of di sease and accounti ng for some aspects 
of the pathogenesis in cattl e .  
The 1·1orl d knowledge o f  ephemeral fever was revie·•ed for a 1981 text 
book and al so for two teaching manual s publ i shed by the United States 
Publ i c  Health Association and the United States Department of Agriculture, 
Pl um I sland Animal Di seases Laboratory, respectivel y .  
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D E C LA R AT I ON 
I HEREBY D E CLARE THAT: 
The fol l owing papers relating to sheep pneumonia were derived in whol e or 
in part from material presented for a thesis for the degree of i1aster of  
Veterinary Science granted by the  Uni versity of Queensland in 1970. 
The thesis  11as entitl ed:  
"AN I NV E ST I GAT I O N  OF NON -B ACTE R I A L  A S P E C T S  
O F  I NF E CT I O U S  P N E UMON I A$ OF S H E E P  I N  AU STRAL I A" 
The four papers l i sted bel ow were derived enti rely from that thesis.  
"THE I SO L AT I O N  OF MYXOV I RU S  P A RA I NFL U E NZA TYPE 3 
F ROM S H E E P  I N  AU STRAL I A  
"THE I SO L AT I O N  OF C H L AM Y D I A E  FROM FA E C E S  OF SH E E P  
I N  A U STRAL I A" 
"A F I E L D  EXP E R I M ENT TO ASSESS  THE R O L E  OF P A R A INFL U E NZA 
T Y P E  3 V I RU S  IN P N E UMON I A  I N  A FLOCK  OF S H E E P  IN V I CTO R I A" 
" I NV EST IGAT I O N S  OF RESP IRATORY D I SEASE OF SHE E P  
I N  A U STRAL I A" 
The portion of the fol l owing papers referring to parainfluenza virus 
were derived from that thesi s .  The parts referring to mucosal disease 
v i rus were not. 
"A S U RV E Y  OF S H E E P  T H R O U G H O UT AUSTRAL I A  F O R  ANT I B OD Y  TO 
P A R A I NF L U E NZ A  T Y P E  3 V I RU S  A ND T O  M U C O SAL D I SEASE V I RUS" 
"ACT I V E L Y  AND P A S S I V E L Y  ACQU I R ED  ANT I B O D Y  TO M U COSAL 
D I SEASE  AND P A R A I NF L U E NZA TYPE  3 V I RU S E S  IN  S H E E P" 
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FOREWORD 
My veteri nary career began in  1955 i n  the South Austral i an Depart­
ment of Agriculture. t1y duties were a mi xture of di sease i nvestigation i n  
response to farmers cal l s ;  routine testing o f  cattl e for tuberculosis and 
poul try for pul l orum d i sease; and extensi on work. it' duty stations were 
Adelai de and then fit Gambi er� 
For two years, 1958-60 1 was a veterinary i nspector with the United 
States Department of Agriculture i n  various di sease control programs. 
was stationed i n  four di fferent states duri ng  thi s time. The period spent 
w i th the United States Department of Agricul ture was during leave from the 
South Austral i an Department of Agriculture. 1 transferred from the South 
Austral i an Department of Agriculture to CSIRO, D i v i s ion of Animal Health , 
Parkvill e ,  Melbourne i n  July 1961. 
A one year assi gnment was carried out i n  1979-80 for the Food and 
Agricul ture Organization of the United Nations in Uruguay. A modern 
v i rology unit was desi gned and establ i shed withi n the exi sting  veterinary 
diagnostic l aboratory , the "iliguel C .  Rubino" I nstitute, Pando near 
Montevi deo. The onl y other s i gn i ficant peri oct spent at another 1 aboratory 
was 2 months w ith Dr L . E .  Carmichael , James A. Baker Laboratory, Cornell 
Uni versi ty i n  1974. A short feasi b i l ity study of a cooperative project 
betwen CSIRO and the Harb i n  Laboratory of the Chi nese Academy of 
Agricul tural Science on the epidemiol ogy of ephemeral fever i n  China was 
carri ed out i n  November 1984. Thi s  mi ssion to Chi na was carried out for 
the Austral ian  Centre for International Agricul tural Research . 
The d irecti on of my research i nterests has been changed arbitrarily 
several times by CSIRO in response to urgent needs for information 
fol l ow i ng the d iscovery of "new" v iruses to Austral i a ,  for i nstance when 
Newcastl e Oi sease , Akabane and bluetongue vi ruses were recognized as bei ng 
present in Austral i a .  The response had to be rapid because of the effects 
on domestic or export trade. Many results were presented to comittees 
control l i ng i nvestigations and were publ i shed only i ncompl etely or very 
much i n  retrospect. 
was i n i ti al l y  empl oyed on v ibrio s i s  resea1·ch , under the direction 
of Or- [.0.8. Ne;<sam for 1 lfzyears. I was then transferred to 
or E . L .  French ' s  un it  i nvesti gating v irus i nfecti ons of l ivestock within 
the CSIRO Dh•i s i on of Ani mal Health , Parkvi l le, i•\elbourne. The viruses 
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then under study a t  Parkvil l e  namely mucosal disease ( bovine virus 
diarrhea) , bovid herpesvirus 1 ( Infectious Bovine Rhinotracheitis ) ,  
parainfluenza 3 and, except for Swi ne Fever, are covered in Chapter 1 .  r�y 
special project was to define the "summer pneumonia" of sheep (Chapter 2) 
�thich occurred in Victoria . This syndrome was considered to have a 
possible viral aetiol ogy when I was given the problem. However, attention 
to this project was intermittent . The l�ewcastl e Disease virus 
investigation ( Chapter 1) took precedence over a l l  current work when the 
fal se a 1 arm that the disease was present in Austral ia occurred in 1963 and 
again with the more serious situation of 1966 . 
In September 1968, I was transferred by CSIRO to the Long Pocket 
Laboratories, I ndooroopilly, Brisbane to establish a virology unit in the 
newly buil t parasitology l aboratory. The results of various serol ogical 
studies carried out at Parkvil l e  indicated that infections of domestic 
1 ivestock with mucosal disease and bovid herpesvirus 1 were much more 
prevalent in northern Austra 1 i a than in the south . This has proved to be 
the case with many viruses not suspected to exist at the time. The early 
serol ogical evidence reinforced the idea al ready held by CSIRO that the 
Organization should investigate the animal viruses of northern Australia 
as a preparation against the possible entry of exotic viruses into that 
part of Australia closest to Asia . 
At first, respiratory disease was the main target of investigation at 
Long Pocket Laboratories , but from 1970 an interest was developed in vect­
�r borne viruses of domestic animal s after Mr . H .A .  Standfast, an entomol­
ogist, joined the microbiol ogy group. In 1974, my unit was directed to 
work entirely on vector-borne virus di seases. However ,even within this 
more restricted range of research a change in emphasis of the investiga­
tion was directed several times by CSIRO. In sequence, the emphasis was on 
ephemeral fever, Simbu group teratogenic viruses, bl uetongue and related 
viruses, then a return to ephemeral fever, These changes produced discon­
tinuities in the pattern of the investigations presented in the published 
paper s .  The papers are grouped by subject rather than chronol ogy. 
To a 1 arge extent, the research has been based on the study of 
natural infections in cattl e ,  sheep and birds. Unt i l  September 1977 , no 
isol ation facil ities were avail abl e at the Long Pocket site for l arge 
animal experimental work with virus dise.ses .  This restricted the study 
to infection and disease in the natural envi ronment until the animal 
isol ation unit was co!Mlissioned. 
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The research i nto vector borne v i rus i nfections and di sease covered a 
continent and has requi red a mu l ti di scipl i nary team. This i nvestigative 
team has varied in size and has i ncluded veteri narians, microbiologi sts 
and entomol ogi sts all w i th technical assi stance . Each di scipl ine  has made 
i ts m;n contri bution to progress and in turn each has been aided by the 
other di scipl i nes .  Thi s i nteraction was particul arly apparent in the 
i nvesti gation of bluetongue v i rus i nfection i n  Au stral ia  between October 
1977 and 1982. A complex of v iruses was di scovered; their approximate 
di stribution del i neated, the vectors of arbovi ruses defined to varying 
degrees and thei r  pathogeni c i ty in sheep and cattl e under experimental 
condi ti ons  was determined. 
A consi derabl e number of i nfectious agents have been i sol a ted by my 
direct efforts or by scienti sts under my control , some of the agents for 
the first time in Austral ia  and others for the first time in the world. 
Chance has pl ayed a part, but d id  so more in the earl i er years. The 
greater success has been the progressive i mprovement in understanding of 
the ecol ogy of arbovi ruses i n  Austral ia  so that a l imi ted resource has 
been appl i ed more sel ecti vely. 
The i sol ation of many arbovi .ruses, the subsequent serology using them 
as antigens, coordi nated w ith major vector studies by my associates has 
demonstrated that Australia i s  not separated effectively by its >Jater 
barriers from the rest of the worl d. The mechani sms by which the 
arbovi ruses i nfecting bi rds have become estab 1 i shed in the Australian 
regi on can be at l east understood, if not ;Jroven. In  contrast, the 
growing  number of arboviruses which seem to be dependent on domestic 
anima 1 s for the ir  exi stence seems to be too great to be the resul t of 
their chance entry in viraemic animal s at some time i n  the relatively 
brief period of 200 years that 1 i vestock have been in Austral ia .  An 
al ternate and dynamic  mechani sm shoul d be sought wi th some urgency. Not 
every arbovi rus w i l l  be non-pathogenic, or of moderate s i gnificance to 
animal health and the rural economy .  
There are two major aspects t o  my contri bution t o  science. 
I nfectious agents known from el sewhere i n  the world have been shown to 
occur i n  Austral i a ,  then have been placed i n  context i n  Austral ia .  The 
bal ance were found for the fi rst time in Austral ia,  w ith some being 
demonstrated subsequently to occur elsewhere i n  the world. 
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CHAPTER 1 -----
MUCOSAL OISEASE VIRUS ANO HERPESVIRUSES OF CATTLE, BIRO VIRUSES 
AND OTHER TOPICS 
Several di fferent topics are covered in this chapter . They incl ude 
i nfecti ons of cattl e ,  buff a 1 oes , domestic and wi 1 d birds,  and final ly an 
example of pl ant poi soning.  Where the names of bacteria or v iruses are 
shown in bol d  type , thi s  represents an organism new to science. 
Viruses of Cattle 
Mucosal di sease v irus  ( bovine virus diarrhea virus) and infectious 
bovine rhi notrachei ti s v irus ( bovid herpesvirus 1)  were two v iruses which 
attracted a great deal of attention in the United States and to a l esser 
extent the United Kingdom, in  the 1950s. The termi nol ogy "mucosal di sease" 
used in the papers in thi s  chapter is the one more commonly used in  
Austral ia  for the di sease and the causative v irus,  though the viruses 
i sol ated from diseased ani mal s form part of the spectrum covered by the 
pesti virus , 11bovi ne v irus di arrhea virus". Until 1957 , mucosal disease 
was regarded as an exotic di sease in  Austra 1 i a .  11ucosal di sease was 
diagnosed in calves ·in the south-east of South Austra l i a  just at the time 
a description  of similar cases publ i shed in  the Australian Veteri nary 
Journal (B l ood � � 1957) was recei ved. The offic ial reaction was very 
marked as the outbreaks in South Austral i a  were much larger than the 
sroradic New South Wales cases . A diagnostic team headed by Dr T.S. 
Gregory, Chief of CSIRO D iv i sion of Animal Heal th , v is ited the various 
herds i nvo 1 ved. It was difficult to gain acceptance that a cl inical 
di sease coul d have exi sted on a wide scal e ,  and presumably for a 
consi derable time, without it being detected. This is not a reflection on 
the veterinary or farming community of the time, but a product of the very 
successful efforts of quarantine to prevent the entry of the more l ethal 
virus diseases.  The si tuation has gradual ly  developed that many viruses 
are now known to exist in  Austral i a  without corresponding di seases, as 
wel l as those which cause economic l oss .  
I n  retrospect, i t  i s  cl ear that two separate diseases were described 
in  the paper entitl ed "Mucosal type di sease in  cattle in  South Austral ia" 
(#1-1 ) .  Mucosal di sease was certainly present, but the relati vely 
harml ess bov i ne papul ar stomati ti s was a lso  mi sdi agnosed as mucosal 
di sease and was actually transmitted to calves at the Jnsdtute of 11edical 
and Veterinary Sci ence . 
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Some o f  the ca l ves that were used for transmission studies i n  1957, 
were obtained from northern areas of South Austral ia , on the premise that 
cattl e in the sparsely stocked areas were more l iabl e to be free of virus 
disease than those of the i ntensi vely stocked areas of the south. I shared 
this thinking until the bl ood samples obtained for me from northern 
Austral ia for a major serologi cal survey were tested for antibodies to 
mucosal disease virus and bovid herpesvirus 1 as described i n  thi s  chapter 
(#1-2). This survey began the reversal of the establ ished phi l osophy that 
Austral ian cattle in the remote and lightly stocked areas of central and 
northern Australia were substantially free of viral i nfecti ons . 
Much of the infection >�hich produced the high prevalence of infection 
with mucosal disease and bovi d  herpesvirus 1 must be subclinical. or very 
mild. The buffal o bul l s  from whi ch a virus cl osely resembl ing bov id  
herpesvirus 1 (#1-4} was isolated showed no evidence of  disease. An 
exception was the outbreak of rhinitis plus  ke"ato-conjunctivitis (#1-3} 
caused by bovid herpesvirus 1 described in this chapter. Even today, when 
cl inicians are very fam i l iar wi th the cl inical syndromes produced by these 
vi ruses, extensive outbreaks of di sease are not often reported . 
Bovi d herpesvirus 2 was known to cause mammil i tis in Yi ctori a (Turner 
� � 1 974}. However, widespread infection with bovid herpesvirus 2 was 
not suspected until the serological survey in this chapter (#1-6}. In  
1978, all blood samples col l ected i n  the CSIRO sentinel herd program were 
being cul tured for arboviruses. An unusual form of cytopathology was 
noticed in baby hamster kidney tissue cul tures i nocu l ated with blood from 
one senti nel cow. The cytopathol ogy was recognized as a type produced by 
herpesviruses. Enquiry of Dr Mel vil l e  then revealed that the donor animal 
had skin l esions and the story unfolded as described in the two papers on 
bovi d  herpesvirus 2 (Hl-5, #1-6}. 
There is a marked difference in the distribution of herds infected 
with bovi d herpesvi rus 2 as compared with bovi d herpesvirus 1, in the 
surveys in this chapter (#1-2, #1 -6}. From the surveys it seems that the 
environment of southern Australia is l ess  favourable to the spread of 
bovid herpesvirus 2 in spite of the higher density of cattl e .  r1echanical 
transmission by i nsects appears to be an important means of spread of 
bov id herpesvirus 2 (Gi bbs and Rl'eyemamu 1977}. It is highly probabl e 
that transmission by an i nsect more preval ent in the north is an important 
factor in the efficient traosmi ssion of bovid herpesvirus 2. The species 
of insect is not kn01m but its southern l imit mu st be contra 1 1  ed by 
cl i matic factors, not availabil ity of hosts as cattle popul ations are 
denser in the southern part of the conti nent. 
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I t  has been demonstrated on a nati onal sca l e  that the di sease agents, 
mucosal di sease v i rus, bovid herpesviruses 1 and 2,  are �<idespread 
i nfecti ons.  The simpl e presence or absence of those species of virus 
cannot be the only factor that determi nes overt di sease. 
Vi ruses of Bi rds 
In 1964, the study of Newcastl e Di sease virus 11as recommenced in  
Austral i a .  The  most important stimul us was  the  publ ication of a l etter i n  
the Austral i an  Veterinary Journal . Thi s  letter from Retnasabapathy and 
Chong Sue Kheng ( 1963) who described the i sol ation of Newcastl e Di sease 
v i ru s  from Austral ian  chi ckens soon after arrival in Mal aya.  The evidence 
assembled at  the time did not support an Austral i an ori gin of the virul ent 
stra i n  of Newcastl e Di sease v i rus i sol ated from these chickens. The 
source of the v i rus was never determi ned al though vi rul ent Newcastl e 
Di sease v i rus was certa in ly  i sol ated when the chickens reached the 
l aboratory at Ipoh , Mal aya.  The frozen specimens that I sm; in Ipoh i n  
1 966 certa in ly  had "red l egs". 
The Al b i ston and Gerrie  stra i n  of Newcastl e Di sease virus was 
vel ogenic when i sol ated in 1932 (A lb i ston and Gerrie, 1942). It was used 
as a research tool at the Wal ter and El i za Hal l Insti tute for many years 
and had been passaged a 1 arge, but otherwise unknown number of times , in  
eggs. Dr .  E .L .  French used the  strain to  prepare reagents for a 
serol ogical survey which showed that 17 l arge hatcheries, i ncl uding those 
which were the ori g i n  of the 11al ayan ch ickeos, were not i nfected with 
Newcastl e  Di sease v i rus ( French, 1964). 
Dr- French devel oped a v iru s  neutral ization test in baby hamster 
ki dney cel l s  w i th the Al b i ston and Gerrie strai n of Newcastle Disease 
v i ru s  very rapidly. My rol e was to cal ibrate thi s  neutral i zation test and 
to c arry out the vi rus growth studies described in  paper #1-7- This work 
provided adequate preparation for the rapi d  i nvesti gati on that became 
necessary fol l 011i ng the i so l ation of the apathogenic V4 strain of 
Newcastl e Di sease virus by Simmons ( 1967 ) from material cal l ected from 
s ick  ch ickens on 6 J anuary 1966. The i denti fication of the V4 i sol ate as  
Newcastl e Di sease v i ru s  11as made 11i thin 6 hours of receipt at  Parkv i l l e  
w i th the reagents prepared from the Al b i ston and Gerrie strain. The 
subsequent serol ogical survey, one of �<hich was publ i shed by Hal l et � 
( 1967), showed that Newcastl e Di sease virus had spread widely in Austral i a  
i n  t he  i nterval si nce the pl'evious survey of French ( 1964 ) .  
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The second paper #1-8 o f  the series o n  NeVIcastle Disease virus 
demonstrated that the V4 strain was almost apathogenic by the criteria 
used to classify the pathogen! city of Newcastle Disease vi ruses, being 
less pathogenic than the mildest lentogenic strain then knovm. The third 
study #1-9 demonstrated that the V4 virus was an excellent immunizing 
agent. It protected baby chicks against subsequent challenge by the 
Albiston and Gorrie strain restored to full virulence for baby chicks, 
though the work was terminated before it could be passaged in older birds 
a sufficient number of times to regain its full original pathogenicity of 
98% for adult birds inoculated experimentally by the strain originally 
isolated by Albiston and Gorrie (1942). The V4 strain ••as thus suitable 
as a vaccine strain without any attenuation . 
The first isolations of arboviruses from bird ticks in Australia, 
Upolu and Johnston Atoll viruses, were made by Doherty � �  (1969) from 
Ornithodorus capensis ticks collected on a cay in the Great Barrier Reef 
of Queensland. This lead was follm1ed up when I was asked via Professor 
David Lee of Sydney University to assist the Bureau of i1eteorology with a 
problem related to ticks attacking humans. 
The automatic weather stations on coral atolls off the continental 
shelf of eastern Australia are serviced twice a year by vi siting 
technicians from the Bureau of i�eteorology. Some of these technicians 
complained of a fever following tick bites. As a first investigative 
step, my technician, t1r N . T .  Hunt, collected ticks at each location the 
servic� vessel visited on a cir·cuit in 1974, including Cato Island, the 
site where the tick attack occurred . Very few ticks were found at that 
time as they appeared to be inactive. A flavivirus, Saumarez Reef virus, 
was isola ted from ticks of the species Ornithodoros capensi s ( #1-10) . 
This virus was rei a ted to, but di sti net from, Tyul eniy virus of the 
Behring Strait. A request to Dr- B.L. i·1unday of the Tasmanian Department 
of Agriculture, earlier in 1974, for ticks for virus isolation resulted in 
a submission of Ixodes eudyptidis from Tasmania at almost the same time. 
These ticks also yielded Saumarez Reef virus. The results were of three­
fold interest. Saumarez Reef virus was isolated from species of both soft 
and hard ticks; its geographical range VIas shown to be at least 2,500 km 
on the eastern side of the Australian continent and it was closely related 
to a virus of the northern Pacific. 
Another virus has been isolated from Ixodes eudyptidis collected from 
albatross nests on Albatross Island, Bass Strait, Tasmania. However, this 
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virus has not been identified al though it is known to be different from 
the viruses al ready identified from ticks in Austral ia. Virus 
neutralization tests have demonstrated that antibodies are present in 
albatross sera. 
The interest in the Antarctic was stimul ated by a visit to Brisbane 
of Professor O .K .  Lvov of the Ivanovsky Institute, i1oscow in 1972. He 
described the outstanding success of his team in isol ating viruses from 
ticks infesting sea bird habitats in the Behring Straits. An opportunity 
to test 1�hether an anal agous situation applied in the sub-antarctic came 
when Mr M . D .  Murray of CSIRO made a brief visit to Macquarie Island. 
obtained a permit to import ticks from Macquarie Isl and but at the time 
cou ld  not apply the resources to process them for viruses. The ticks were 
passed to Dr. R . L .  Doherty of the Queensl and Institute of Medical Research 
who isol ated two different viruses new to science, Nugget and Taggert 
vi ruses (Doherty et �, 1975), both rel ated to serogroups (Kemorovo and 
Sakhalin groups respectively) known from ticks of the same species, Ixodes 
uriae col l ected in the sub- arctic. When it became possibl e to process 
ticks at Long Pocket Laboratories a few years later, liaison was devel oped 
with a series of other scientists visiting Macquarie Island. This effort, 
in cooperation with Dr. Doherty and his team at the Queensland Institute 
of Medical Researc h ,  resul ted in the isol ation and identification of two 
further viruses, one a fl avivirus "Gadgets Gully" rel ated to Central 
European Ti ckborne Encepha 1 i tis virus and the second as an Uukuvi rus ,  
"Precarious Point" virus ( St .  George _E!!�, 1985 in  �ress). 
The search for viruses of ticks infesting birds on the mainland of 
Australia has not been so successful , although several attempts have been 
made by me. Hoogstraal .."!� (1974) isol ated Kao Shaun virus from Argas 
(persicargas) robertsi coll ected from under tree bark in a rookery in 
mangroves near Darwin in the Northern Territory. Two other viruses were 
isol ated from the same species of tick col l ected from a rookery inhabited 
by cattle egrets ( Bubul cus ibis coromandus) at Gatton ,  near Brisbane. One 
of these viruses has been described in this chapter as probably new to 
science, as "Lake Clarendon" virus (#1-11), whil e the other is sti l l  in 
the early stages of i denti fi cation though apparently new to Austra 1 i a. 
The cattle egret is of especial interest because of its close association 
with cattl e ,  its migratory habits and our demonstration of a low 
prevalence of neutralizing antibodies to bovine epheme1·al fever virus .  
Such antibodies have not been found i n  other species of bi•ds. One cattle 
egret was found to have neutralizing and haemaggl utination inhibiting 
antibodies to tlewcastl e Oi sease virus. 
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A short review of  the  knowl edge of birds,  ticks and arboviruses 
associated with them was prepared with Dr. D .  H.  Kemp for presentation at 
the Third Austral ian Symposi um (#1-1 2 ) .  However, a more systematic 
investigation of the tick borne arboviruses and definition of their 
vertebrate hosts woul d add to knowledge of the rel ationships of the 
vi ruses of the Austral ian region to those of the rest of the worl d. The 
virus isolations described in thi s  chapter represent only tentative and 
ini tial steps in such an investi gation . 
Other Topics 
The two papers (#1-13, 1-14) in this chapter include my contribution 
to the development by Dr. I . D . B .  Ne1�sam of two very sensitive techniques 
for estimating antibody l evel s to Campyl obacter fetu s ,  then cal l ed Vi brio 
fetus. This was part of a major investigation of iiMiunity to the disease 
caused by this organism and early vaccine experiments. 
The final paper (#1-15) in this chapter is on a pl ant toxicosis. �1y 
interest I n  pl ant toxicol ogy �<as aroused by the numerous plant poisoning 
incidents encountered as a veterinary officer w ith the South Australian 
Department of Agricul ture and my compil ati on of a bul l etin for the depart­
ment on the Poi son Pl ants of South Austral ia .  The weed Echi um pl antagi n­
� is very common in much of the l imited area of agricul tural or pastoral 
1 and in South Austral i a .  It is a weed introduced from Europe which has 
become dominant in winter/spring and forms a major part of the diet of 
sheep and a source of nectar for the honey bee industry. The i nvesti ga­
t ion itsel f was quite minor but the impl ications are still a factor in the 
unresolved dispute and l itigati on, as to whether CSIRO shoul d be al lowed 
to rel ease imported insects for biological control of this weed which 
contains variabl e  amounts of pyrrolizidine al kaloids , ingested by sheep 
directly and humans in honey . A major publ ic  enquiry as to whether the 
weed shoul d be control l ed is now in progress .  This paper remains one of 
the primary sources of evidence for toxicity of Echium plantagineum. 
About hal f of the papers which make up this chapter describe work 
where IllY contribution was as part of a team l ead by a more senior 
scientist, who instructed me in the process. The information produced on 
mucosal disease v irus ,  bovi d herpes vi ruses , tick-borne arbovi ruses and a 
plant toxicosi s ,  was new to science in Australia. The serol ogical surveys 
have not been superseded in spite of the l ength of time since some of them 
were carried out. 
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MUCOSAL TYPE DISEASE OF CATTLE IN SOUTH AUSTRALIA 
BY 
P .F .McCORMACK and T . D . St . GEORGE 
This i s  the title of a paper presented to the ANZAAS conference 
in Adelaide in 1958'. It was subsequently published in the Australian 
Veterinary Journal in 19sr;. 
Mr . St . George made the initial diagno sis and carried out the 
first investigation into the condition at Mt. Gambier in the South East 
of South Australia. His work was interrupted by an overseas posting. 
As the disease was then an unknown entity, an intensive effort 
was made to define it. I spent several weeks on the investigation 
where the disease was first re:ported and elsewhere in South Australia. 
Tissue analysis and transmission experiments were done by 
Mr . M . F . Pulsford , who also presented a paper. 
There is no possibility of contacting Dr. Pulsford • 
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MUCOSAL TYPE DISEASE OF CATTLE IN SOUTH AUS'M€AL;IA 
BY 
P. E. MCCORMACK, B.V.Sc., and T. D. St. GEORGI&RAM~AI:ER, R.V.Sc.,* 
Department of Agricdture,  Adelaide, S. A., and 
M. F. PULSFORD, B.V.Sc., H.D.A., 
Institute of Medical and Veteriizary Science, A delaide, S.A. 
Introduction 
A disease of cattle stated to be identical 
with mucosal disease of Ramsey and Chivers 
(1953), was reported from the County of Cum- 
berland area in N.S.W. by Blood, et al., (1957). 
Two animals were affected in separate unrelated 
groups and other animals in the same groups 
were not affected. Since 1957 there have been 
a number of outbreaks of disease in cattle in 
South Australia which appear to fit into the 
group of mucosal diseases as defined by Seibold, 
(1956). 
History of Outbreaks 
I n  July, 1957, Mr. A. E. Humble, a veterin- 
ary practitioner a t  Mount Gambier in the South 
East of South Australia, reported that yearling 
cattle were scouring severely on three properties. 
There had been no lasting response to any treat- 
ment, aIthough a temporary improvement had 
resulted from oral streptomycin. Many of the 
animals had died. 
An investigation was then made of all re- 
ports of diarrhoea and of buccal ulceration of 
cattle in the district. Thirteen properties were 
found on which a similar disease was present 
within a radius of 40 miles of Mount Gambier. 
Xost outbreaks were seen when some weeks or 
months old. The last reports for the season 
were received in the late spring. These out- 
breaks are listed in Table 1. 
The following selected individual herd his- 
tories give a representative picture as seen 
throughout. 
Proper ty  B was a well managed dairy farm 
consisting of 60 cows, 10 yearling heifers, 10 calves 
of 10-12 weeks old and 8 calves less than 2 months. 
The calves were not fed milk after 8 weeks of 
age. Calves 10-12 weeks of age only were clinically 
affected, although they were running with the year- 
lings until a week after symptoms appeared. 
On the 14th of August, 2 calves refused to eat, 
one of which died the same day, and the other be- 
gan to scour. When examined next day, patchy 
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reddening was evident in the buccal mucosa and 
all the calves were scouring. Temperatures were 
normal. On the following day shallow erosions 
were present in the mouths of most calves. These 
animals were examined daily for 5 days then every 
second day for 10 days. The lesions, after initially 
increasing in number, had almost resolved after 
15 days. Reddening in the cleft of the feet, with 
superficial peeling or cracking was seen in 7 of 
the 9 cases, but none were lame. All calves showed 
temperatures of 104°F at some stage, except one 
which died. Scouring was intermittent and as with 
the appearance of the erosions, could not be related 
to temperature rise. 
The diarrhoea was less severe in the later 
stages, but 5 of the 9 cases died or were destroyed 
in extrernis within 3 weeks of the first visit. Two 
others appeared to recover, but the erosions and 
scours recurred, and they were destroyed on 30th 
October. The remaining two survived and were 
later used for immunity tests. 
Proper ty  C was a large beef shorthorn farm 
running 730 head, including 117 yearlings. The 
disease was seen in a line of nineteen 10-11 month 
old steers. The owner had noticed loss of con- 
dition and scouring for 3 weeks prior to notifica- 
tion. Three had died and two were destroyed for 
post-mortem examination. The steers were found 
to be heavily infested with lice. Following treatment 
for the lice, body condition of the animals improved 
and there were no further deaths. A further 98 
yearlings, including those apparently in good health 
and in which no scouring has occurred, were ex- 
amined individually. Buccal erosions or resolving 
lesions were seen in 74 of these. On this property 
erosion was more marked on the nasal plane, lips 
and throughout the buccal cavity than in the calves 
of property 111. On the other hand the scouring 
was much less severe. 
Morbidity and Mortality 
Where the incidence could be established 
by individual examination of the mouths of all 
animals, a procedure not always practicable, 
it was found t o  be from 75% to 100% of the 
affected group. The morbidity, in the sense 
that the animals showed any sign of sickness, 
was in some cases much lower and varied from 
3 to 100%. This difference between incidence 
and morbidity was most marked on properties 
where yearlings were affected, many of which 
showed little obvious sign except the buccal 
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erosion on  close examination. Both incidence 
and mortality were somewhat lower in yearlings 
than in calves. I n  the younger animals the 
morbidity was high, often 100%. 
The overall mortality ranged from 2 to 
70% of affected groups; four properties lost 
more than 50%. Mortality was higher in calves 
than yearlings, although yearlings in low eon- 
dition o r  poorly cared for were more severely 
affected than others. 
Animals Affected 
Age:- Clinical cases were seen in the 2-17 
month age groups, most cases being about 12 
months of age. The disease was not seen in 
calves receiving milk and no adult cases were 
recognised. With one exception, (Property 1) , 
animals of one age group only were affected. 
On 3 properties both calves and yearlings were 
run in one group, yet on 2 of these calves only 
were affected, while on the other, yearlings only 
were involved. 
Breed:-The disease was seen in both dairy 
and beef cattle, although the severity on the 
whole was less where beef cattle were involved. 
Clinical Signs 
The most acute cases were seen in calves 
about 10 weeks old. In yearlings the course 
was usually chronic. On some properties the 
main feature of the outbreak was severe diarr- 
hoea, buccal erosion being minimal. I n  these 
cases the mortality was usually high. On other 
properties, where the mortality generally was 
lower, the most striking feature was buccal 
erosion. 
Acute cases. These were depressed, refused 
food and once diarrhoea had started, lost con- 
dition rapidly. Temperatures varied from 
normal to, but not above 105” F. Most of the 
higher temperatures were recorded on warm 
days and temperatures of all animals on several 
properties tended to be raised a t  these times. 
The erosions or so called ulcerations appeared 
initially as small irregular red areas of about 
1 em. in diameter. These were most frequent 
near the frenulum linguae, on the cheeks, be- 
hind the incisor teeth, on the hard palate (Fig. 
1) and on the nasal plane (Fig. 2 ) .  The most 
superficial layers were shed leaving very shal- 
low “ulcers” or marks in which the somewhat 
pinker deeper layers of epithelium were seen. 
Fig. 1.-Transverse markings on the hard palate. 
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Fig. 2-Shallow erosions on the nasal plane. 
In  a few cases these marks were deeper and 
could correctly be termed ulcers. 
Some animals showed reddening and super- 
ficial peeling, shallow erosions or cracking an- 
terior to and in the inter-digital clefts, but 
no lameness was seen. A small proportion of 
animals died within 2 days. Those which sur- 
vived passed into the chronic stage. 
Chronic cases. Most animals had been af- 
fected for some time when first seen. Diarrhoea 
was in many cases the only significant external 
sign. The faeces were of thin watery consist- 
ency, foul smelling and light brown to dark 
green in colour. The coat was rough and starey, 
the appetite, lost in the early stages, was re- 
gained and some animals continued to eat 
when they could no longer stand. Some animals 
showed increased thirst. A slight mucus or 
mucopurulent nasal discharge was present in 
some whilst a few showed a slight serous 
ocular discharge. Superficial peeling of skin 
over the nasal plane was a prominent feature, 
giving the area a fish-scale like appearance. 
Muzzle lesions, usually circular, varied from 
a few small hyperaemic areas to shallow erosions 
of the entire surface. Lesions were most com- 
mon around the external nares, some extending 
into the hair line. Mouth lesions were most 
common on the skin-mucosal junction of the 
lips, on the tooth margin of the gums, trans- 
versely on the rugae of the hard palate and 
on the lateral and ventral surfaces of the 
tongue. 
Lesions were not seen on the dorsal surface 
of the tongue and vesicle formation did not 
occur. No lameness was present despite the 
mild lesions seen in the hooves. 
Pathology 
In many animals examined at  autopsy there 
were very few gross changes other than those 
due to emaciation. Amongst these was the calf 
from which blood was taken for  the first trans- 
mission experiment. This animal was bled when 
in extremis and post-mortem examination was 
carried out and tissues fixed at  once. The spleen 
showed massive haemosiderin deposits, the liver 
showed some venous congestion and extensive 
parenchymatous degeneration, the lymph nodes 
were normal. In  the oesophagus a marked 
parakeratosis was evident with bacteri'al growth 
in the partly macerated stratum corneum. Other 
tissues from this animal were not examined. 
Lesions seen at  post-mortem examination of 
most cases were confined to the alimentary 
tract. Shallow erosions* and patchy congested 
areas were present in varying amounts through- 
out the buccal mucosa. Less often the erosions 
were deeper and ulceration was present. Most 
commonly these lesions were found a t  or near 
the skin-mucosal junction of the lips, where 
single lesions tended to be circular and up t o  
2 cm. in diameter. 
The very shallow nature of these erosions 
can be seen in Fig. 3, where the stratum corneum 
only is affected. Commonly behind the incisor 
teeth were crescent-shaped lesions and on the 
hard palate transversely elongated lesions. Less 
commonly the cheeks, side and under surface 
of the tongue were affected. Very few lesions 
Fig. 3.-Section through shallow erosion on the gum. 
* The term erosion is used Lo indicate a shallow 
discrete area of desquamation without underlying in- 
flammation. 
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Fig. 4.-Section of oesophagus showing accumulation of 
desquamated material. 
of any sort were seen on the dorsum of the 
tongue. Those which were seen were large, 
necrotic lesions unlike any of the other lesions 
of this disease. It is considered that these few 
dorsal tongue lesions were incidental. Many 
of the erosions and markings in the labial and 
buccal mucosa were obvious prior to death, but 
when the animals were killed and bled they 
were exceedingly difficult to find. 
Longditudinal ulceration was commonly 
present in the anterior third of the oesophagus. 
In some animals this was a frank ulceration and 
in others light brown necrotic streaks. A feature 
of the oesophageal lesions mentioned by Ram- 
sey (1956) can be well seen in Fig. 4 where the 
large amount of very loosely attached debris 
indicates that the animal has not swallowed for 
some time. 
Fig. %Section of alwmasum thrvurh a cmall ulcer. 
No lesions were seen in the forestomachs. 
In the abomasum of almost all cases there was 
some degree of inflammation of the mucosa 
and oedema of the submucosa. I n  many of 
these cases which had died in the acute stage 
with severe diarrhoea the entire mucosa was 
intemely inflamed. I n  others only the ridges 
of the folds were involved. I n  some cases there 
were numerous small ulcers 1-2 mm. in diameter 
(Fig. 5 ) .  Many chronic cases showed only 
submucosal oedema with apparent thickening 
of the surface. The colour was often bluish-red. 
The small intestine in acute cases showed 
various degrees of inflammation. I n  some ani- 
mals short lengths of 2 to 3 inches of intensely 
inflamed mucosa alternated with apparently 
normal areas. I n  others inflammation was 
present only along folds in the mucous mem- 
brane. I n  a few cases only, the whole length 
of small intestine was intensely inflamed and 
contained flecks of blood. In some chronic cases 
buckshot like lesions were present throughout 
the small and large intestine, scattered 1-5 cm. 
apart. These lesions appeared to be small crater 
like ulcers, 1-3 mm. in diameter, with a black 
margin and yellowish centre. These did not 
penetrate the mucous membrane. 
The intestinal reaction was essentially a 
catarrhal enteritis and necrosis, often with very 
little polymorphonuclear reaction. The exces- 
sive mucous secretion and collection of glairy 
mucus in  the intestine as described by Ramsey 
and seen in the Sydney cases (Blood e t  al. 
1957) was not present in any of our material. 
The caecum was almost always inflamed, some- 
times severely. The colon and rectum on the 
other hand varied considerably in the severity 
of their reaction. 
The mesenteric lymph nodes were either 
normal in size or slightly enlarged, but almost 
always oedematous. On section there was almost 
invariably a sinus catarrh and frequently a 
marked involution. The liver in most cases was 
normal, but in a few there was an  infective 
focal necrosis. 
Experimental Transmission 
Defibrinated blood collected from one of 
the earliest cases just before death was injected 
intravenously in 20 ml. dose into a 5 month old 
calf (Table 2 expt. 1). 
Early on the 4th day small circular areas were 
seen on the nasal plane. These were about 5 mm. 
in diameter and slightly pink in colour. Within the 
next hour they increased rapidly in size to 20 mm., 
became more clearly defined and slightly more 
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hyperaemic. On the 5th day the diameter had in- 
creased to about 30 mm. and very superficial shed- 
ding of epithelium had commenced. This was no 
more than a slight desquamation. By the 7th day 
the whole nasaI plane had become involved by 
gradual extension of these areas, and with the 
loss of the last of the superficial scales it was very 
difficult to see any abnormality except an appear- 
ance of freshness of the newly exposed surface. 
By the 10th day the area was again completely 
normal. This reaction very closely resembled the 
superficial shedding seen in man after light sun- 
burn where there has been no vesicle formation. 
On the 6th day there was very slight serous nasal 
discharge. On the 10th day the calf was lethargic 
and a little tympanitic. On the 11th day there was 
slight tenderness on handling one foot and there was 
slight injection and exfoliation in the interdigital 
cleft. Except for the lesions on the nasal plane all 
other abnormalities were so slight that  they would 
have been overlooked except on close examination. 
The temperature remained normal throughout. A 
blood sample taken on the 4th day failed to give 
any reaction in a second calf. 
To determine whether immunity to this 
disease was widespread and therefore by im- 
plication the disease itself was widespread, a 
number of challenge tests were carried out. As 
the original blood was in short supply, blood 
samples collected from 4 field cases were 
pooled. 
Three calves were collected from the Adelaide 
area to test the infectivity of this material. (See 
Table 2 expt. 2.) Each was given 20 ml. of the 
mixed blood intravenously. One only of these re- 
acted, shallow erosions were seen on the gum, 
dental pad and hard palate from the 5th day. There 
was no temperature reaction in any animal. 
Six calves were next collected from 2 separate 
northern areas of the State and challenged with 
this mixed innoculum. At  the same time 2 surviving 
calves from a field outbreak and the original posi- 
tive reactor were similarly challenged (see Table 
2 expt. 2 ) .  One of the survivors showed some scour- 
ing from the 8th to 11th days. Buccal erosions 
developed in two of the 6 northern calves. The 
remainder gave no reaction and none of the animals 
developed high temperatures. 
Three further calves collected flom a third 
area in the North were challenged with another 
blood from a second case in the South East. No re- 
action was obtained. These were further challenged 
with the original blood 1065/57 8 months old which 
had been Seitz E.K. filtered. As seen from Table 3 
expt. 4, no reaction was obtained. 
In the 5th experiment 3 calves from the Adelaide 
area were first challenged with blood from an out- 
break in the Adelaide Hills without reaction and 2 
subsequently reacted to the old filtered 1065/57 
innoculum. 
Discussion 
It is by no means clear a t  present whether 
the 13 outbreaks recognised in the South East 
of the State in the winter of 1957 were all 
the same disease entity, or  whether they were 
the same as other conditions seen in the same 
area and in other parts of the State in the 
following 12 months. Certainly there is a very 
wide difference in the incidence morbidity and 
mortality in the various outbreaks. 
l n  the present series we have on the one 
haiid a disease which is primarfly enteric, but 
with some buccal ulceration, which has a high 
morbidity and high mortality. On the other 
hand there is a condition of high incidence as 
judged by buccal ulceration, but low morbidity 
and mortality, in which the enteric symptoms 
are minimal. In  between these extremes there 
are all grades, complicated by factors of breed, 
age anti management. 
The information available from the trans- 
mission experiments t o  date does little to clarify 
the picture. Essentially a buccal erosion has 
been transmitted in a limited number of cases, 
but illness and diarrhoea have been absent. The 
infective agent has been shown to pass a Seitz 
E.R. filter and has been shown to survive more 
than 8 months at  4°C. The general distribution 
of the reactions suggest that an immunity is 
developed in certain eases and that there is 
some immunity in calves collected over a wide 
area. If so, this would suggest that the infective 
agent is wide-spread. There are, of course, 
alternative explanations of the irregular re- 
sults of the transmission experiments. These 
include the possibility of our working with an 
agent a t  too low concentration to give 100% 
reactions in susceptible calves and also the 
possibility of some triggering circumstance be- 
ing required for effective transmission. There 
is some suggestion from these results that the 
infective agent settles only sometimes in a 
tissue where its presence can be recognised. 
These possibilities are beiiig examined further. 
Whether there are more than one infective 
agent present in the disease as seen in the 
field, and what other factors influence the 
oiirset of the more serious cases, can only be 
determined when a known source of susceptible 
animals is available, and experiments can be 
clone in complete isolation, including insect 
proof acconn~iodation. I n  our  experments, we 
were of necessity using animals of unknown 
susceptibility and housed in covered pens well 
isolated (approximately 5 miles) from any 
known cattle. 
The disease as seen in the field and experi- 
mentally in  South Australia has many features 
in common with the mucosal and virus diarrhoea 
syndromes already described. There are no new 
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features except possibly the absence of tempera- 
ture reaction in both field and experimental 
cases. It has not been possible to satisfy our- 
selves that an increased temperature has been 
recorded in any case. The highest temperatures 
have been 105” F, and this rarely. EIevated 
body temperature occurred in cases only with 
variation in ambient temperature, and under 
conditions of disturbance and where control 
temperatures were available these varied in the 
same way. 
When compared and contrasted with pre- 
viously described conditions, there are a num- 
ber of interesting points. 
Ulcers and erosions on the dorsum of the 
tongue as described by Ramsey (1956) were 
not seen in any cases. Also the excess of thick 
glairy mucus described by this author and by 
Huck (1957) and seen in  sections by Blood 
et  al., (1957) which sections we had the good 
fortune to see by courtesy of Mr. J. H. Whit- 
tern, was absent in all the matserial we exam- 
ined. Furthermore, the infectivity rate was 
very frequently much higher than that giver1 by 
Ramsey and the case mortality very frequently 
much lower. 
I n  the absence of infection of adults the 
local disease is similar to those described by 
Ramsey (1956), Hoag et  al., (1956) and Huck, 
but not with the virus diarrhoea group, Olafson 
(1947) and Pritchard (1956) or the disease in 
Scotland described by Dow et al., (1956). 
There appears to be a definite seasonal in- 
cidence as described by Ramsey. No vesicle 
formation, as described by Dow et  al., (1956) 
was seen either macroscopically or micrmcopic- 
ally 
The encrustation of the nasal plane with 
exudate or desquamated material as reported 
by Ramsey and as seen by one of us in Tas- 
mania was not present to the same extent in 
the South Australian cases. 
On the grounds of low age incidence and 
high case mortality the condition does not f i t  
into either of the virus diarrhoea syndromes de- 
scribed in the literature. Equally on the grounds 
of the lack of excess mucus and the absence of 
lesions on the dorsum of the tongue the con- 
dition fits poorly into the mucosal disease 
descriptions. For the present, however, it is 
preferred not to attempt to f i t  this condition 
into any of the previously described diseases of 
the mucosal type, but merely to consider it 
one of a complex of such diseases. 
Summary 
A disease of the mucosal disease-virus 
diarrhoea complex is reported in young beef 
and dairy cattle in South Australia. Although 
there are no features in this disease not pre- 
viously described within this complex, their 
combination does not agree with any previous 
descriptions. 
The buccal erosions seen in the field cases 
have been transmitted to experimental calves 
by intravenous injection of blood from field 
cases. None of the experimental animals have 
become sick or shown any but the most trans- 
ient diarrhoea. 
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I. M. PARSONSON, B.V.Sc., and E. L. FRENCH, M.Sc., Ph.D. 
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C.S.I.R.O., Parkville, Victoria, Australia 
Inlroduction 
The isolation of strongly or weakly cyto- 
pathogenic strains of virus from Australian cattle 
with acute or chronic mucosal disease (MD) was 
described by French and Snowdon (1964). They 
reported that 60% of 625 bovine serum samples 
had neutralising antibody against the C24V 
strain of MD virus. 
French (1962a) and Johnston et a1 (1962) des- 
cribed the isolation of a strain of infectious bovine 
rhinotracheitis (IBR) virus (French, 1962b) 
from calves with encephalomyelitis. Snowdon 
(1964) reported the isolation of IBR virus from 
outbreaks of pustular vulvovaginitis in seven 
dairy herds in Victoria and also from two other 
dairy herds in Victoria in which some of the 
cattle had rhinitis. He also found that 42% of 
109 serum samples taken from herds with clin- 
ical evidence of infectious pustular vulvovagm- 
itis, and 3 1 %  of 94 serums from herds with 
rhinitis and/or nasal granuloma, had neutralis- 
ing antibody against the V155 strain of IBR 
virus. Other herds from which no clinical his- 
tory of rhinitis or vaginitis was available had 
15% of 422 serum samples with neutralising 
antibody. The overall incidence of neutralising 
antibody found by Snowdon was 22% of 625 
serum samples examined. 
Preliminary serological work at this laboratory 
showed that antibodies to MD and IBR viruses 
were present in cattle serums collected from 
widely separated areas of Australia; this paper 
presents the results of a more extensive survey 
that was undertaken to determine the distribution 
and incidence of antibodies against these two 
viruses. 
Materials and Methods 
Serum samples 
Serum samples were obtained by CSIRO officers 
from cattle nn farms. CSIRO field statinns and from 
cattle slaughtered at abattoirs at Townsville in Queens- 
land, Katherine in the Northern Territory, and Wynd- 
ham in Western Australia. Serum samples from other 
cattle were collected especially for the survey or were 
submitted by the Departments of Agriculture of each 
State, the Northern Territory, the Territory of Papua- 
New Guinea, and from Norfolk Island by the Com- 
monwealth Department of Health. Most of the herds 
sampled had no known previous history of clinical 
MD or IBR. The number of animals tested from each 
herd was not controlled; it ranged from 1 to 274 per 
herd. In addition, serum samples were testetd from 
Banteng cattle (Bos sondiacus), buffalo (Buhdis  bub- 
a h )  and marsupials in the Northern Territory and 
from feral deer and marsupials in Tasmania. All serum 
samples were stored frozen at -20°C and were heated 
at 56°C for 30 minutes before being used in the neutral- 
isation test. 
Neutralisaiion tests 
M D  aniibody - The neutralisation tests for MD 
antibody were first performed on undiluted serum as 
described by French and Snowdon (1964) using tissue 
cultures (TC) of bovine testis (BT) cells and the 
C24V Oregon strain of MD virus. An analysis of the 
results obtained with 1634 bovine serum samples tested 
undiluted with 100 TCIDI of virus and 4 TC tubes 
per serum sample was made before the major part of 
the investigation was undertaken. The final result would 
have been changed for only two serum samples if one 
TC for each serum had been used instead of four, an 
error of 0.12%. An error of this size is acceptable 
when it allows for more serum samples to be screened 
with the same resources. Consequently, one TC was 
used for most screening tests for the remainder of the 
survey. 
To titrate the serums, a five-fold dilution series was 
used as recommended by Coggins ( 1964) in his descrip- 
tion of a standard MD neutralisation test. The 518 
positive serum samples in the preliminary tests had 
been titrated in 3-fold dilution steps. The distribution 
of the titres of these serums. calculated by the method 
of Reed and Muench (1938) on results of neutralisa- 
tion tests in 4 TC replicates, showed that an end point 
would have been reached in 486 of the samples (94%) 
tested if dilution of the serums in steps of 1/50, 1/250, 
1/1250 had been used in this series. These serum dilu- 
tions were adopted for the remainder of the survey. 
IBR antibody - The neutralisation test for IBR was 
carried out as described by Snowdon (1964) using 
secondary tissue cultures of bovine kidney (BK) cells 
and undiluted serum with 100 TCID, of the Vl55 
strain of IBR virus. It was found that using one TC 
instead of four for each sample of undiluted serum 
examined introduced an error of 2.2% false negative 
results. This error, though larger than that found in 
MD neutralisation tests, was still considered to be 
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Figure 1 - Map of Australia and the dependent Territories of Papua-New 
Guinea and Norfolk Island (Norfolk Island i s  not drawn to the same scale). 
The approximate location of herds from which serum positive for mucosal 
disease (MD) antibody was obtained is shown in relation to the concentration 
of cattle. 
acceptable for the purposes of the survey. Examination 
of the results of titrating 222 positive serums, in which 
two-fold serum dilutions and four TC per dilution had 
been used, revealed that a three-fold series of dilution 
of 1/3, 1/9 and 1/27 would have given a titre end 
point of 209 of the .222 serums tested (94%). This 
three-fold series of dilutions with four TC per serum 
dilution was therefore used to titrate the antibody con- 
tent of positive serums. This method is similar to that 
described by Mohanty and Lillie L1965). 
Results 
The number of serums examined and the pro- 
portion of positive samples found in serums 
from the Australian states or territories is given 
in Table 1 (MD) and Table 2 (IBR). By ranking 
the sample size per herd tested in ascending order 
and progressively discarding the herds with the 
smallest sample from the total herds tested, the 
550 Australian Veterinary Journal, Vol. 43, December, 1967 
TABLE 1 











































60.6 33 1 262 
I 
No. Serums % Serums 
Positive Positive 
2 < 1  

























effect on the between-herd incidence is shown in 
Table 3. The geographical distribution of the 
herds from which the positive serum samples 
came in relation to the distribution of cattle in 
Australia is shown in Figure 1 (MD) and Figure 
2 (IBR). 
Because a large proportion of the serum 
samples examined neutralised the viruses when 
tested undiluted, not all serums could be titrated. 
Where small batches of serum samples with anti- 
body were available from a herd, each positive 
serum was titrated. In other cases, 10-20% of 
the positive serums from any one herd or pro- 
perty were titrated, and the range of titres is 
shown in Table 4. 
The proportion of serum samples with neutral- 
ising antibody from properties situated north 
and south of the Tropic of Capricorn is shown in 
Table 5. 
The results of testing a number of serums from 
animals other than domestic cattle from the 
Northern Territory and Tasmania are shown in 
Table 6. 
Discussion 
French and Snowdon (1964) suggested that 
MD and the disease known as bovine virus dia- 
rrhoea are clinical manifestations of infection 
with a single virus-the MD virus. Recent 
work by Mills et uf (1965) comparing a number 
of different strains of this virus has supported 
this view. 
Serological surveys for antibody to MD virus 
have provided evidence of the widespread pre- 
sence of the virus in North America, Europe, 
Australia and New Zealand. The small number 
of herds and the status of the cattle sampled in 
most of these surveys has meant that the pro- 
portion of serum samples found to have anti- 
body may not necessarily represent the incidence 
of the disease in the particular country. Table 
7 sets out the results of some other surveys made 
for antibody against the MD virus. The lowest 
incidence reported is in Finland where 6% of 
246 samples from farm animals had antibody, 
while the highest incidence (72%) has been re- 
corded from a well planned survey of cattle 
serums from Connecticut, USA. 
The results in Table 7 are not strictly com- 
parable with each other or with our results. 
Most workers have used the C24V strain of MD 
virus in bovine kidney cells (BK), whereas we 
have used BT cells, because we have shown these 
to be more sensitive for the detection of MD 
virus than BK cells. In  our work we have in- 
itially examined undiluted serum for antibody. 
Some other workers have done likewise, but 
others have used a serum dilution of 1/2 to 1/10 
as the lowest serum dilution examined. However, 
we have found very few serum samples that 
neutralise the virus when tested undiluted that 
do not do so at a dilution of 1/10, and the great 
majority of these are from calves in which the 
antibody is probably maternal antibody which 
is declining as the animal grows older. We do 
not consider our figures for positive reactors are 
biased by our use of undiluted serum. 
The distribution of MD antibody shown in the 
present survey (Figure 1) illustrates that virtually 
wherever cattle are found in Australia, a propor- 
tion has MD antibody. The proportion of serum 
samples with antibody, 60.6% (Table l), wbie 
similar to the figure of 5 1 % calculated from the 
combined US surveys shown in Table 7, could 
be influenced by the way our samples were col- 
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Figure 2 - Map of Australia and the dependent Territories of Papua-New 
Guinea and Norfolk Island (Norfolk Island is  not drawn to the same scale). 
The approximate location of herds from which serum positive for infectious 
bovine rhinotracheitis (IBR) antibody was obtained i s  shown in relation to the 
concentration of cattle. 
lected. Territories like Norfolk Island and 
Papua-New Guinea have small cattle populations 
and are therefore over-represented, while Queens- 
land with the largest cattle population is under- 
represented because of the necessarily haphazard 
nature of the survey. Of the two reactors on 
Norfolk Island, one was an imported New &a- 
land bull, while the other was a locally-bred 
animal. Tasmania and Papua-New Guinea, 
though vastly different in climate and husbandry 
methods, showed an incidence of 35% in the 
present survey. One common factor shared by 
these two areas is the small average size of their 
herds. Because of the nature of the terrain, 
local isolation of herds occurs, and because of 
these factors the disease may die out. Isolation 
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between herds on Norfolk Island (an island of 
14 square miles lying 930 miles east of New 
South Wales) is poor, but the whole cattle popula- 
tion is small enough (800) to be regarded as a 
single herd. Two possibilities exist: either 
mucosal disease has not become established in 
this herd, or it has almost died out. In either 
case, the cattle there are probably highly sus- 
ceptible to MD, and this disease could cause 
economic loss in such a herd if the virus were 
introduced. 
The highest incidence of M D  antibody was 
found in Northern Territory cattle. This is prob- 
ably a result of the husbandry methods whereby 
the cattle are largely uncontrolled and herds on 
many adjacent properties mix freely. When the 
tropical areas of Queensland and Western Aus- 
tralia are considered with those of the Northern 
Territory, this high percentage of reactors is seen 
to be a common feature of the area north of the 
Tropic of Capricorn. However, the New Guinea 
results (35% reactors) indicate that climate 
alone is not the factor responsible for the results 
obtained. 
Since the Papua-New Guinea cattle originated 
in Australia, the virus probably entered the Ter- 
ritory with the introduced cattle. Serum samples 
in our survey from some isolated small herds in 
New Guinea, which were built up from cattle 
which survived World War 11, showed no anti- 
body. If the original or any other members of 
these herds ever were infected with MD virus, 
it seems that the infection must have died out. 
An attempt has been made to determine the 
approximate between-herd incidence (Table 3). 
When a small sample size is found negative, the 
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chances of this reflccting the antibody state 
naturally depends on the within-herd incidence. 
The chance of obtaining a false-negative result 
decreases as the sample size per herd increases. 
In Table 3, the proportion of herds with MD anti- 
body tends to stabilise at an overall herd in- 
cidence of at least 89% in herds from which 6 
serum samples or more were tested. 
The presence of M D  antibody in a herd does 
not necessarily indicate that the disease occurred 
in that herd in a clinical form. In one herd in 
Victoria where 10 of 57 cattle had antibody to 
MD virus, the positive reactors were all cattle 
that had been introduced or were the young 
calves of introduced cows. The antibody de- 
tected in these calves could have been maternal 
antibody derived from dams that had experienced 
MD infection before being introduced to this 
herd. 
The wide range of neutralising titres to MD 
virus (Table 4) indicates the possible effect of 
sampling at different times after infection or the 
variable antibody response of cattle to natural 
infection with this virus. In contrast, the low 
mean titre (24), reported by Fastier and Hansen 
(1966), on a small series is probably a reflection 
of the different test system. They used a dif- 
ferent strain of M D  virus (C60F) in a different 
tissue, namely BK cells. 
With such a high proportion of animals with 
MD antibody, there is little value to be had from 
the examination of a single specimen of serum 
from an animal that has been clinically affected 
with a condition suspected to be caused by the 
M D  virus. The examination of serum samples 
from acute and convalescent individual animals 
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TABLE 3 
in Cattle from Australian Stares and Territories 

















































































































































'Herds represented kJy single samples a r e  flrst discarded froin the total. then those representrd 
by 2. 3 and 4 serum samples. and so on. 
may be employed to give a presumptive and retro- 
spective diagnosis. A more definite diagnosis 
can be obtained by collecting a blood sample 
from the clinically affected animal and examin- 
ing this in suitable tissue cultures for the pre- 
sence of MD virus as described by French and 
Snowdon (1964). Although there are reports of 
clinical MD in Australia (Blood et a1 1957; 
McCormack et ul 1959; French and Snowdon 
1964), most infections with the virus are prob- 
ably subclinical. 
Reported surveys for neutralising antibody to 
IBR virus infection are fewer than for MD virus. 
In Great Britain, 2.1 % of 2,000 abattoir samples 
had antibody to IBR virus (Dawson and Darby- 
shire, 1964); in Italy 13.8% of 1,645 samples 
(Castrucci et ul 1966); in Canada 8.13% of 
1,365 samples (Greig 1961); in USA 35% of 
2,190 samples from 31 States (Newberne et a1 
1961); 13% of 943 samples from New York 
State (Kahrs et a1 1964); and 12.7% of 589 
samples from Connecticut (Smith ei a1 1964). 
Fastier and Hansen (1966) found a reactor rate 
of 73% in 174 New Zealand samples, but some 
of these were drawn from farms where IBR vac- 
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cination was practised, so that this result does 
not necessarily reflect the New Zealand picture 
in herds that are not vaccinated. 
The average reactor rate of 29.7% (Table 2) 
for Australia is higher than that reported in 
overseas surveys except that of Newberne et a1 
(1961) in the USA (35%). However, they state 
that available clinical information was scanty, so 
vaccinated animals may have been included in 
their series. Vaccination with IBR virus is not 
TABLE 4 
Runge of Scritni Titres apuittst Mucosal Diseuse und 
Infectious Bovine Rhinotrucheitis Viruses 
M D  IBR 
(1 177 samples examined) (914 samples examined) 
Titre 9% Titre % 
I - 50 20.4 2 - 6  40.9 
51 - 250 34.9 7 - 18 29.1 
251 - 1250 32.9 19 - 54 21.7 
> 1250 11.7 > 54 8.3 
Titres were calculated bv the method of Reed and  Muench 
(1938) and a r e  expressed as reciprocals. 
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TABLE 5 
of the Tropic of Capricorn 
Proportion of Serums with Antibody from Australian Mainland Areas North and South 
I M D  antibody I IBR antibodv 
No. of serums examined 
NO. of serums positive 
% serums positive 
No. of herds sampled 
NO. of herds positive 
‘70 of herds positive 
~~ - 
North South I North South I of Tropic I of Tropic of Tropic I of Tropic 
1677 2443 1539 2866 
1534 1317 742 601 
91 54 48 21 
73 177 72 185 
70 149 67 105 
96 84 93 57 
practised in Australia or New Guinea. Because 
of the error introduced by using a single tube in 
screening tests for approximately half the survey, 
a reactor rate of 29.7% is conservative. Since 
neutralising antibody does not persist at a detect- 
able level in all cattle that have experienced IBR 
virus infection, this reactor rate is most likely a 
minimum figure. 
The results of the IBR antibody survey for the 
separate States show sharp differences of in- 
cidence. The highest incidences were in 
Queensland, Northern Territory and Norfolk 
Island. Most of the serum samples examined 
from Queensland and Northern Territory were 
from beef cattle where, as noted before, there is 
considered to be mixing of cattle over wide areas: 
most of the cattle on Norfolk Island are run as 
a common herd. A virus like the IBR virus, 
which tends to produce latent and intermittent 
infections, has a survival advantage under these 
conditions. The low incidence of 6% of reactors 
in Tasmania may possibly be accounted for by 
that State’s restrictions on the movement of cattle 
within the State, associated with the brucellosis 
eradication scheme. If sample sizes of less than 
7 are neglected, the between-herd incidence is 
probably greater than 74% (Table 3). 
The feral animals from the Northern Territory 
and Tasmania that were tested (Table 6) are 
unlikely to have had physical contact with 
cattle because of the different behaviour pat- 
terns of feral and domestic animals, but they may 
have grazed over the same ground. The finding 
of MD virus antibody in Australian buffalo, 
Banteng cattle, deer and marsupials is of interest. 
Marsupials have not previously been tested for 
infection with MD virus. The role of feral ani- 
mals and marsupials in the epidemiology of MD 
in Australia is as yet unknown. The only feral 
Australion Veterinary Journul, Vol. 43, December, 1967 
animals detected with IBR virus antibody were 
buffalo. Deer in Tasmania would have little 
opportunity to become infected by contact with 
cattle because of the low incidence of IBR in 
cattle in that State. 
Infection of cattle in Australia with IBR virus 
has been shown to cause encephalitis (French 
1962a, 1962b), rhinitis and vaginitis (Snowdon 
1964), balanoposthitis (Snowdon 1964) and 
keratoconjunctivitis (St. George 1965). Any of 
these infections may be followed by the produc- 
tion of neutralising antibody, but finding such 
antibody in a single serum sample from an animal 
will not give any indication of the form the infec- 
tion took in that animal. To  diagnose IBR virus 
infection by serological methods, it is essential 
that paired serum samples from acute and con- 
valescent animals be obtained as described for 
TABLE 6 
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*This survey was made using the gel diffusion precipitin technique for  the detection of 
antibody against the common antigen shared between ML) and swine fever vlruses 
(Darhyshire 1962) .  
MD infections, but some infections with IBR 
virus have been shown to give a weak or even no 
serological response (Snowdon 1965). A more 
definite diagnosis may be made by the isolation 
of the virus from a clinical case suspected to be 
caused by IBR virus. Specimens should be ob- 
tained and inoculated into suitable tissue cul- 
tures (Snowdon 1964). 
When the results of both surveys are consid- 
ered together, they indicate that no major areas 
of Australia can be regarded as free of these two 
virus infections. In spite of the widespread oc- 
currence of serological evidence of infection, 
clinical signs of MD and IBR are infrequently 
reported in cattle in Australia. The two dis- 
eases show a remarkably similar distribution pat- 
tern, the important difference being that MD 
virus seems to die out in a small closed cattle 
population, whereas IBR virus tends to persist 
and to produce latent and intermittent infections 
(Snowdon 1965). Animals may be infectious 
over long periods in both diseases (French and 
Snowdon 1964; Snowdon 1965), but the present 
evidence suggests that this factor is less import- 
ant in perpetuating MD infection than IBR in- 
fection. 
Summary 
A serological survey of Australian and New 
Guinea cattle has shown that 60.6% of 5,126 
samples contained neutralising antibody against 
the C24V Oregon strain of mucosal disease virus, 
and 29.7% of 5,398 samples contained neutral- 
ising antibody against the V155 strain of IBR 
virus. The overall incidence of infected herds 
in this survey was at least 89% for MD antibody 
and 74% for IBR antibody. 
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Among the ecological factors responsible for 
the high average incidence of antibody (MD 
91%, IBR 48%) in cattle from tropical areas of 
the Australian mainland compared with that 
found in cattle from the temperate areas (MD 
54%, IBR 21%), a major one is probably the 
different methods of animal husbandry practised 
in the two environments. 
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BOOK REVIEW 
CANINE NUTRITION 
This book* deals with the practical aspects of canine 
and feline nutrition. It covers the present knowlcdpe 
but nevertheless ernphasises the paucity of informaticn 
in this field. The different sections deal with the precept 
knowledge of canine and feline nutrition. the essential 
nutrients and their role in metabolism, feeding and 
'Ensic Guide to  ('aninc Nutr i t ion:  w i th  a Special 
Section on Nutri t lonal  Requirements  of Cats. Gaines  D o g  
l t r w a r r h  Ccnter .  New York. General  Food Corporation. 
1966. pp. 83. P r i w  not  s t a t ed .  
managwnent practices, nutritional therapeutics, and 
the newer knowledge of taste. 
The style is simple. There is a suggested reading 
list which is useful, but a list of more specific rrfer- 
ences would have been even more useful and would 
have enabled the reader t o  follow up a number of 
statements whihch a re  presented rather baldly. It i s  
a useful. addition to a long-neglected aspect of veter- 
inary science. 
H. P. Manusu 
Austruliirn Veterinary Journd,  Vol. 43, December, 1967 557 
1-3 
Commonwealth of Australia 
Commonwealth Scientific and Industrial Research Organization 
Reprinted from The Australian Veterinary Journal 
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KERATOCONJUNCTIVITIS ASSOCIATED wrni INFECTIOUS BOVINE RHINOTRACHEITIS 
INFECTION IN VICTORIAN CATTLE 
The Editor, 
AusTRALIAN VETERINARY JouRNAL, 
Dear Sir, 
Keratoconjunctivitis associated with an outbreak of 
infectious bovine rhinotracheitis (IBR) in California 
was reported by Hughes et al. ( 1964), who isolated the 
IBR virus in tissue culture and produced clinically simi­
lar keratoconjunctivitis by instillation of this tissue 
culture virus into the conjunctival sac of calves. 
On 712/65 Mr. P. D. Carter, B.V.Sc., of Trafalgar, 
Victoria, investigated a ten-day-old outbreak of a severe 
upper respiratory tract infection in a herd of 108 
Jersey cattle. Over a period of two months thereafter 
most of the cows and some of the calves have shown 
one or more of the following clinical signs:-mucoid 
nasal discharge, becoming purulent; diphtheritic mem­
branes in the nasal passages and swollen turbinate 
mucosae; respiratory distress; clear ocular discharge and 
serous conjunctivitis. A sharp fall in milk production 
occurred in the badly affected cows. Clinical signs of 
vaginitis in the herd were not seen on any occasion. 
On being invited to investigate this outbreak, on 
9/2/65 the writer made a first detailed examination 
of 19 affected cows selected by the owner as showing 
lesions of varying duration. At this time slight corneal 
opacities were observed in 2 of the 19 cows. Ocular 
and nasal swabs were collected from 16 of these cows 
by the method of Snowdon (1964). 
By 18/2/65 the clinical signs of respiratory tract 
disease had subsided, but ll of the 19 COWS now had 
lesions of the cornea of one or both eyes. On 3113 I 65 
some of the ocular lesions had resolved, others had 
progressed, and four new cases of keratitis were seen. 
The corneal lesions generally resembled those of "pink 
eye" and included: raised opaque foci 1-3 mm in 
diameter; central ulcerated areas up to 1 em in diameter 
in otherwise transparent corneas; pink .vascularized 
oedematous areas up to 1 em diameter and raised 5 
mm above the cornea, which showed complete opacity 
decreasing in intensity towards the limbus; and com­
plete corneal opacity, whitish to yellow in colour, 
surrounded by an annular zone of vascularization 3 mrn 
wide at the cornea-scleral junction. 
222 
After each examination of the selected cows, swabs 
taken were brought back to the laboratory and material 
from each swab was inoculated into bovine tissue cul­
tures. In this way a cytopathogenic agent was isolated 
from nasal swabs from the 16 cows and from ocular 
swabs from 14 of them. In continuation of the inves­
tigation it was shown that, with some of these animals, 
a cytopathogenic agent could be isolated repeatedly 
and, in one instance, as long as 55 days after the first 
isolation. With the laboratory examinations of all 
swabs, the cytc>pathic effects obtained were quite simi­
lar, there being nothing to suggest that more than one 
agent was involved. Three of the isolates (two of 
ocular and one of nasal origin) were chosen for further 
investigation and it was found that all could be neutra· 
lized by antiserum to the V155 strain of IBR virus 
( Snowdon 1964), added to tissue cultures. 
That the herd was experiencing current infection 
with the IBR virus was shown by demonstrating a sig­
nificant rise in antibody in 12 of the 18 cows in which 
paired sera were examined in tissue culture neutraliza­
tion test against the V155 strain of IBR virus. 
These observations further emphasize the protean 
nature of clinical effects to be found in association 
with IBR virus infection (Snowdon 1964). The role 
that this virus may play in at least some outbreaks 
of keratoconjunctivitis or "pink eye" of cattle in Aus­
tralia is being further investigated in this laboratory. 
Thanks are due to Mr. P. D. Carter, B.V.Sc., for his 
invitation to investigate the outbreak, and to Dr. E. 
L. French of this Laboratory for his advice on labora­
tory procedures. 
Yours etc, 
Division of Animal Health, 
C.S.I.R.O. 
T. D. St. Gear�, B.V.Sc. 
Animal Health Research Laboratory, 
Parkville, N.2, Victoria. 
10 May 1965. 
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I SO L A T I O N  OF I N F E C T I OU S  B O V I N E  RH I NOTRACHE I T I S  V I RU S  
FRO M  T H E  P R E P U C E  O F  WATER B U F F A L O  B U L L S  I N  A U STRA L I A  
BY 
T.D.  ST. GEORGE and M. PHIL·POTT 
1-4 
The i dea to samp l e  buffalo bu l l s  for IBR vi rus was Mr. St . George ' s .  The 
samp l i ng procedure and i solation of  vi rus was carried out by Mr. 
St . George. The actual sampl i ng of the buffaloes i n  the Darwin area was 
done by me. Mr. St . George wrote the paper. 
J I .�•{ I ( I  . . . . .  I \.Q� . .  f�J!!C: . . . . . . . . . . . .  . 
M. Phi 1 pott (Co-Author ) 
Addi t i onal Comments : 
ISOLATION OF INFECTIOUS BOVINE RHINOTRACHEI'IW VIRUS FROM THE PREPUCE 
OF WATER BUFFALO BULLS IN AUSTRALIA 
Infectious diseases of water buffalo (Bubafus bubufis) 
in Australia are poorly defined, because domestication 
on a large scale began only a few years ago. A review 
of viral diseases of buffalo by Mohan (1968) does not 
mention infectious bovine rhinotracheitis (IBR) virus 
as an infective agent of water buffalo, and no report 
has been found more recently. Antibody to  IBR virus 
was reported in 3 out of 13 serums from feral and 
domesticated buffalo of mixed ages in the Northern 
Territory by St. George et a1 (1967) .  
Recently we found that 40 out of 42 serum samples 
( 9 5 % )  from buffalo bulls over three years of age 
collected at abattoirs in Northern Territory had anti- 
body to IBR virus. This prompted the search for a 
chronic infection, which might be the cause of this 
high frequency of antibody. Infection of the prepuce 
or penis of bulls was considered to be a possibility. 
Although no lesions were observed, cotton wool swabs 
of preputial mucus were collected from the fornix of 
the prepuce of 18 buffalo bulls killed at an abattoir in 
the Northern Territory. These swabs were inoculated 
into bovine kidney, testis, and thymus tissue cultures. 
Three agents producing similar cytopathology were iso- 
lated. Each was neutralised by an antiserum produced 
against the V155 vaginitis strain (Snowdon 1964) of 
IBR virus. Accordingly one cytopathogenic agent, now 
referred to as the buffalo virus, was selected for more 
detailed characterisation. 
The virus was completely susceptible to exposure to 
5% chloroform for 10 minutes. Eosinophilic intranuclear 
inclusion bodies, similar to those described by Snowdon 
( 1964), were produced in infected monolayers of bovine 
kidney and testis cells. The titre of virus was reduced 
from 10" to 0 between 24 and 30 minutes at 56°C. 
In contrast to the findings of Snowdon (1964) with 
IBR virus the order of cell culture susceptibillty was 
bovine testis, kidney and lastly thymus. Electron micro- 
scopy revealed particles which were similar in size 
and morphology to a herpes virus. Antisera prepared 
in two rabbits against the Vl55 strain of IBR virus 
and buffalo virus neutralised both the homologous 
and heterologous virus to approximately the same titre. 
Of 3 3  buffalo sera collected at various abattoirs in 
the Northern Territory 28 sera neutralised both 
bovine IBR virus and buffalo virus, and three sera had 
no antibody against either virus. The remaining two 
sera showed antibody activity only when undiluted, 
one against IBR virus and one against buffalo virus. 
The evidence indicates that the buffalo virus closely 
resembles IBR virus of cattle and may in fact, also be 
IBR virus. In a situation where there is uncontrolled 
mating in feral animals, a venereally spread herpes 
virus is easily perpetuated. The writers have insufficient 
knowledge of the mating behaviour of buffaloes to  state 
whether venereal transmission between Bos taurus or 
Bos indicus and Bubalus bubalis is possible in the wild 
state, but no report has been found. Transmission of 
IBR virus may have occurred at an unknown time in 
the past from buffaloes to cattle or from cattle to 
buffaloes or IBR virus may have spread to both from 
another species of animal. However in Asia, where 
buffaloes and cattle are herded together, males of each 
species will mate with females of the other species 
( W. R. Cockrill, FAO, Rome, personal communication). 
It is highly probable that IBR virus will be found 
associated with a variety of clinical disease in the 
buffalo paralleling those already described for cattle. 
We wish to acknowledge the assistance in collection 
of the samples by Dr. Leith Andrews and Mr. J. J .  
Kearins, Stock Inspector of Animal Industry and Agri- 
culture Branch of Northern Territory Administration 
and the electron microscopy by Mr. J. E. Peterson of 
CSIRO Animal Health Research Laboratory, Parkville, 
Victoria. 
Long Pocket Laboratories, 
Meiers Road, 
Indooroopilly, Queensland, 4068. 
1 December 1971. 
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A N  APPARENTLY INHERITED INGUINAL HERNIA IN THE MERINO RAM 
During October 1971 a mature Merino ram showing 
gross enlargement of the scrotum was examined. The 
ram had rapidly lost condition over the previous month, 
although the first signs of scrotal swelling had been 
noticed eight months previously at crutching. 
The ram was slaughtered, and the autopsy showed the 
cause of swelling to be a large inguinal hernia. The 
protruding loop of intestine contained thin khaki- 
coloured ingesta, and there was oedema in the distal 
end of the scrotum. The surface of one testicle showed 
connective tissue adhesions probably because of its 
contact with the peritoneum. 
It is the owner's practice to breed his own rams, and 
since 1962 he has noticed 11 other rams with similar 
scrotal swellings. The flock normally runs 35 rams, 
representing a total of 95 to 100 rams over this nine- 
year period. In each case the abnormality had a similar 
history of development, and it occurred only in rams 
that had worked in at least one season. The owner had 
slaughtered each of these rams as its body condition 
deteriorated, and his observations on opening some of 
the enlarged scrota agreed with the finding of inguinal 
hernia in this specimen. He has also noticed loops of 
intestine protruding from the scrotum of several lambs, 
immediately after castration with a knife. 
Inguinal hernia in rams is a phenomenon of low 
incidence; in Queensland Anson and Bell (1971)  found 
only 0.21% in a survey of Merino rams. However, the 
commercial flock observed here, with an incidence of 
about 8%, has a significantly higher frequency ( P  < 
.001). A closer look at the breeding practices adopted 
in the flock suggest that inguinal hernia may be an 
inherited fault. 
The owner has been breeding his own rams for nearly 
20 years, buying only a small number of rams for 
joining in his nucleus flock. In 1960 he completely 
changed blood lines, and now buys sires for his nucleus 
flock from one local stud which has been predominantly 
Australian Veterinary Journal, Vol. 48,  March, 1972 126 
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A G E N E RA L I S E D  I N F E C T I ON OF CATTLE W I T H  B O V I N E H E R P E S V I R U S  2 
BY 
T.O. ST.GEORGE, M .F .  UREN and L.F.  MELVILLE 
A group of senli nel catt l e  were under my superv i s i on for the purposes of 
survei 1 1  a nee for b 1 uetongue vi rus i nfection.  They were bei ng b 1 ed and 
observed on a weekly bas i s ,  when c l i n i cal i nfection with Bovid 
herpesvi rus occurred .. The vi rus i so lations were made by 
Mr. St . George. Mr. Uren assi sted with the experimental work in cattle 
at Long Pocket Laboratori es . Mr . St . George wrote the paper 
. R'K·.:s: . . �!t .. . . . . . . . . . . . . .  . / ;/� . . . . .  �: . . . . .  : . . . . . . . . . . . . . . . . . . . 
Date : L .F .  Mel v i l l e  (Co-Author ] 
I agree with the statement made by Mrs . 11el v i  l l e .  
. . .  /.'f. ; .  r:. �- .'1:. . . . . . . .  . 
Dat e :  
Add i t i onal �ents : 
t: / . ( c.__ · � . . . . /: c.< · - · · · · ·  M. F .  Uren {Co-Author] 
A GENERALISED INFECTION O F  CATTLE WITH BOVINE HERPESVIRUS 2 
During the months of February, March and April 1979, 
blood collections were made weekly from a group of 19 sentinel 
cattle on an experimental farm near Darwin. Both heparinised 
whole blood and serum samples were sent to CSIRO, Long 
Pocket Laboratories in Brisbane for virus isolation and 
associated serology. On 19 February 1979, i t  was noticed that a 
number of the animals had developed skin lesions similar to 
those of ringworm. Lesions were circular and varied in 
diameter from 0.5 to 2 cm. Some lesions had an intact central 
area but in others the edges had separated giving a raised and 
essentially flat surface. In  other lesions, a central necrotic area 
had been shed leaving a patch of skin devoid of hair. Only the 
superficial layers of the epidermis appeared to be involved. 
Sixteen of 19 animals were affected to some degree. The le- 
sions were most common on the head, neck, dewlap, shoulders 
Ausrralian Veterinary Journal, Vol. 56,  January ,  1980 
and back. The number of lesions observed on animals varied 
from less than 5 to more than 50. Six of the most severely af- 
fected animals had enlarged prescapular and precrural lymph 
nodes. Skin scrapings were taken for fungal culture, but no 
significant fungi were isolated. No additional clinical signs 
were observed and the skin lesions appeared to  be healing well 
after 7 days. 
A second group of cattle in the paddock adjacent to the sen- 
tinel herd were found to have similar skin lesions to the sentinel 
cattle. Culture of skin scrapings again failed to produce any 
pathogenic fungi. Histopathological examination of skin le- 
sions, collected from 4 cattle by biopsy, revealed a mild 
polymorphonuclear infiltration in the dermis and perivascular 
cuffing with mononuclear cells. The healing process was well 
advanced with formation of new epithelium. 
47 
A virus was isolated in baby hamster kidney (BHK21) 
monolayer tissue culture roller tubes. f rom a blood sample col- 
lected from a heifer in the sentinel group o n  12 February 1979. 
The technique used was that described by St George er a/  
(1978). The \ i rus  \\as reisolated from the same blood sample 
after storage for 1 month at 4°C.  At first, the cytopathology in 
the monolayers was focal and characterised by syncytia con- 
taining many nuclei. The  cytopathology extended progressively 
and involved the \\hole cell sheet within 3 to 4 days. Subse- 
quently, bovine kidney cells were found to  be more suitable 
than BHK2l cells for the growth and isolation of the \irus. The  
virus had the morphology of a herpesvirus when examined in 
an electron mic roxope  and a diameter of approximately 90 
n m .  
A microtitre neutralisation test was  debeloped using an 
African Green Monkey (Vero) cell line using techniques 
described by Cybinski ef a/(19:8). One  hundred tissue culture 
infectibe doses (50% end point) (TCID,,) of the herpesvirus 
was neutralised by a rabbit antiserum. which had been 
prepared against a bovine herpes mammillilis virus in Victoria 
at a dilution of I :24. but not b! an antiserum prepared against 
bovine herpesvirus I (Turner er a1 1976). The  bovine 
herpesvirus was neutralised by a human serum with antibody to 
herpes simplex at a dilution of I :16. The  yerum of 5 of 19 staff 
members neutralised the virus at a screening dilution of l :4 .  
These 5 suffer recurrent bouts of 'cold sores'. Stertz e r a / (  1974) 
demonstrated an antigenic relationship between BHV2 (strain 
BHM) and herpe5 simpler types I and 2. Of the 19 cattle in the 
sentinel group in Darwin, 18 developed antibodies to the 
bot ine herpesvirus between I2 February and 26 February 1979. 
The cattle in the sentinel group were infected with a 
h e r p e s  irus related serologically to bovine mammillitis virus 
and to herpes simplex. in the period when they experienced 
clinical signs consistent with a generalised infection \vith bovine 
herpesvirus 2 as devxibed b)  Gibbs and Rweyemamu (1977). 
Two Jersey Friesian crossbred yearling steers were in- 
oculated intravenously with 40 nil of a 48 h culture of 5th tissue 
culture passage Darwin ho\ ine herpeskirus 2 grown in bovine 
kidney tissue cultures 10 a titre of loh TCID,, per ml. Each 
steer was also injected with a total of 2 ml intradermally. 
distributed i n  8 site, on a sha \ed  area of the right flank. The 
rectal temperature of both animals was elevated between 2 and 
I I days after inoculation and reached a peak of 41.3"C in one 
animal and biphasic peaks of 40.5"C in the other. 
Lesions appeared on the third day at the sites of the intra- 
dermal inoculation of virus. These lesions ue re  raised ( I  to 2 
mm). and circular ( I  to 2 c m  diameter), discrete swellings, 
located directly o \ e r  each dermal inoculation point. Generalis- 
ed lesions over the whole animal occurred on the sixth day.  
These could be easily palpated through the coat and were most 
noticeable in the head, neck and dorsal body regions. 
Ho\+ever, lesion$ were absent from all limbs. The  prescapular 
and pre-crural lymph nodes became easily palpable on  the 
eighth day and remained enlarged for 5 days. As the disease 
progressed the 5 k i n  lesion3 became crusty and hard. These 
crusts gradually lifted to reveal a greyish white area with reduc- 
ed hair numbers. The lecionq continued to resolve bur were still 
present at day 28 at irhich point the experiment was ter- 
minated. 
Autopsy was performed on I animal on day  9 and.  apart 
from a generalised lymphadenitis. the animal was free of 
pathological lesions. The  pre-scapular and pre-femoral lymph 
nodes were markedl! enlarged and oedematous. Histological 
examination of thew nodes re\ealed sinusoidc distended with 
lymph and medullary cords packed with plasma cells consistent 
with the findings of Castrucci e l  al (1978). T h e  skin sections 
revealed a w e r e  in\asion of large numbers of lymphocytes in- 
to the dermal layer. Small numbers of reticulo-endothelial cells 
were also seen to invade the dermis. Complete desquaniation of 
the epithelial layer had occurred with scab tissue overlying the 
dermis instead. Boifine herpesvirus 2 was reisolated from the 
blood of one steer on days 5 and 6 and from skin lesion5 col- 
lected by biopsy from each Steer on day 5, but not from the 
lymph nodes collected at autopsy.  Between 7 and 14 days after 
exposure each animal developed neutralising antibodies to  the 
virus stock used for inoculation. 
The results of the experimental generalised infections 
reported here are  similar to those described by Haig (1967) and 
Castrucci er a / (  1978) after intravenous injection of mammillitis 
virus. The corresponding generalised infection with cutaneous 
lesions has been reviewed by Gibbs and Rweyemamu (1977) 
who list South Africa, Kenya and the United States of America 
as countries where i t  occurs. In Australia, the only natural and 
experimental form of bovine herpesvirus 2 infection previously 
reported was mammillitis (Turner  era/ 1974). 
The generalised cutaneous form of bovine herpesvirus 2 does 
not appear to be a very serious disease, but could cause pro- 
blems i n  differential diagnosis. particularly of ringworm. I t  is 
unclear whether the route  of infection is of greater importance 
than the strain of the bovine herpesvirus 2 used in determining 
the clinical expression of experimental disease. 
We acknowledge the elecron microscopy examinations by 
Miss D .H.  Cybinski and the skilled technical assistance of 
Helen Zakrzewski, Mr S. S. Davis and Mr E.  J .  Harris. We  
wish to thank Mr N.  D. Stallman and Mr  I .  Cook for supplying 
human sera with antibody to herpes simplex virus and Dr L. 
Westbury for supplying an antiserum to bovine mammillitis 
virus. 
T .  D. St GEORGE,  
M. F. UREN, 
CSIRO, Division of Animal Health, 
Long Pocket Laboratories, 
Private Bag 
No. 3, P .O. .  Indooroopilly, Queensland, 4068 
L. F. MELVILLE, 
Division of Primary Industry, 
Department of Industrial Development, 
Darwin. Northern Territory, 5790 
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A serological survey for neutralising 
antibodies to bovid herpesvirus 2 in cattle in 
Australia 
CSIRO, Division of Tropical 
Animal Science, 
Long Pocket Laboratories, 
Private Bag No 3, PO, 
Indooroopilly, 
Queensland 4068 
T. D. St GEORGE 
Infection of cattle with bovid herpesvirus 2 (BHV2) 
manifests itself in 2 clinical forms, mammilitis and generalised 
cutaneous, and these forms occur in various parts of the 
world (Gibbs and Rweyemamu 1977). In Australia, BHV2 
was isolated by Turner et al (1974) from material collected 
in November 1973 from the teat of a cow showing mammilitis 
and the occurrence of the disease was reported from 4 herds 
near Cohuna in north central Victoria (Turner et al 1976). 
BHV2. strain CSIRO 290. was isolated from the blood of a 
yearling heifer in a sentinel herd near Darwin with the 
generalised cutaneous form of disease in February 1979 (St 
George et al 1980). These locations are approximately 3000 
km apart and the specimen collections 5 years apart. There 
are no other published records of the occurrence or prevalence 
of BHV2 infection from other parts of Australia. 
Livestock free area 
1-6 
One consequence of the recognition in October 1977 that 
bluetongue virus occurred in Australia was that a collection 
of serums was promptly made over a period of 3 months 
from cattle in many parts of Australia, some of them very 
difficult of access. The serums were collected only from adult 
cattle born in the herd being bled. Other than the location 
of the herd and date when bled, supporting data such as sex, 
age or breed was generally lacking. Samples also were 
obtained from 74 buffaloes in the area to the east of Darwin. 
A microtitre neutralisation test in African green monkey 
kidney (Vero) tissue cultures was adapted from the test 
described by Cybinski et al (1978), by the substitution of 
BHV2 (strain CSIRO 290) for Akabane virus. All serums 
were tested at a single dilution of 1:4 in 2 wells, and 100 
tissue culture infective doses (at 500Jo endpoint) of virus were 
used. After incubation at 37°C for 4 days, an individual 
serum was considered positive if cytopathology was absent 
from one or both wells and negative if unequivocal cyto­
pathology occurred in both wells. 
The locations of the herds from which the serums were 
collected are shown in Figure 1; 1091 of 2836 cattle serums 
(380Jo) were positive, and originated from 183 of 303 (600Jo) 
herds. Twelve of 74 buffalo serums (160Jo) were positive. The 
survey is not representative of the Australian national cattle 
herd in that the cattle of the north are vastly over-represented. 
The unplanned nature of the survey makes it unsuitable for 
detailed analysis, but the apparent higher prevalence in the 
far north is illustrated by arbitrarily dividing the herds into 
those north and south of the 20th parallel of latitude. The 
arid areas of the tropics are south of this line. To the north, 
930Jo of the 164 herds were positive compared with 220Jo of 
0 0 
c:PCb 
• Locat ion of cattle with antibodies to BHV2 
0 without 
Figure 1. The locations of the herds from which serum samples were tested for neutral ising antibodies to bovid herpesvirus 
2. The hatched areas on the map are desert areas not used for grazmg cattle 
139 south of this line. When the total cattle serums from 
north and south of the 20th parallel are compared the 
difference in prevalence is more striking, 65 OJo of 1514 serums 
from the north were positive compared with 9% of 1322 
from the south. A more carefully designed survey would be 
necessary to link prevalence with climatic factors, such as 
rainfall which varies from year to year and from district to 
district in this vast area. 
The neutralisation test does not determine whether the 
BHV2 infections which produced the antibodies were sub­
clinical, mammilitic, or generalised cutaneous in nature. In 
a review, Gibbs and Rweyemamu (1977) described the 
occurrence of BHV2 infection in Africa, Europe, North 
America and Australia and provid�d information on infec­
tivity of BHV2. The evidence for spread was mainly epide­
miological, but supported the view that biting flies are 
important in mechanical transmission of BHV2 infection. 
Gibbs et al (1973) suggested that Stomoxys calcitrans was 
responsible for transmission in the United Kingdom. In 
Africa, Weiss (1963) was able to cultivate BHV2 from Musca 
(Byomyia) fasciata caught on cattle with generalised cuta­
neous disease, but not from various other muscidae, culicoides 
or mosquitoes. Turner et al (1976) considered that BHV2 
could be spread by t:lies with mouthparts contaminated with 
virus from blood or serum oozing from the cracked teats of 
cows suffering from mammilitis. BHV2 virus has been 
188 
isolated from the blood of infected cattle in Australia (St 
George et al 1980) and so could be taken up by biting flies. 
However, what species of biting flies are involved in Australia 
is unknown. 
The help of the many people who collected serums used 
in this survey is gratefully acknowledged as is the technical 
assistance of H. Zakrzewski, J. Sack and E. Harris. 
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T H E  G R O W T H  A N D  N E UTRAL I ZAT I ON O F  N EW C A S T L E  D I SE A SE V I RU S  
I N  B H K 2 1  T I SSUE C U L T U R E S  
BY 
E .L . FRENCH and T .D . ST .GE8RGE 
I i ni t i ated th is  i nvesti gation and the experiments were p lanned i n  
cal l aborat i o n  with  r4r .  St .George . H e  carried out the growth curve 
studies at my suggesti on and we jointly i nvesti gated the neutral i zati on 
of NDV i n  t i ssue cultures of BHK 21 cel l s .  M r .  St .George was enti rely 
responsi b l e  for the stati sti cal analysi s of the neutral i zation tests 
data . 
H i s  concl us ions and mathematica l  treatment of the data was checked by 
the consu l tant stati sti c ian  of our l aboratory, Mr . W .B .  Hal l  of the 
CSIRO Di v i s i on of Mathemat i ca 1 Statistics as i ndi cated on the paper . 
lie wrote the paper jo i nt ly  by combi ning several i nd i v ·i oual ly p repared 
drafts before sett l i ng on the text that was eventual ly publ i shed as part 
of a "festschri ft " i n  honour of Si r liacFarl ane Burnet on the occasion of 
h i s  reti rement from acti ve d i recti on of the Wal ter and El i za Ha l l  
Institute • 
. . . .  ?.!�I!!�?;: . . . . . .  . Date: r· ·� . . . � F. .L . French {Author) 
Add i t  i ana 1 Comments : 
Reprinted, with original page numbers, from "THE AusTRALIAN JouHNAL OF 
ExPEHIMENTAL BIOLOGY AND MEDICAL SciENCE," Volume XLIII ( 1965 ) .  
THE GROWTH AND NEUTRALIZATION OF NEWCASTLE 
DISEASE VIRUS IN BHK21 TISSUE CULTURES 
by E. L. FRENCH AND T. D. ST.GEORGE 
(From the Division of Animal Health, Animal Health Research Laboratory, 
C.S.I.R.O., Parkville, N.2, Victoria, Australia). 
Summary. The virulent Australian strain of Newcastle disease virus (NDV ) 
multiplied in BHK21 cells grown in Hanks' medium with lamb serum. In this 
tissue culture, infectivity of the virus was titrated and its growth was detected 
by means of haemadsorption of guinea-pig erythrocytes. 
A serum neutralization test, using egg-adapted NDV, was developed. 
Analysis of the data obtained over a wide range of virus concentrations and 
serum dilutions allowed the construction of a standard curve relating 50 per 
cent point of neutralization to virus concentration. This standard curve was 
fitted to tlw observed data as a polynomial regression with terms up to the 
third degree. 
After 43 serial passages which included two ( 41st and 42nd ) at limit 
dilutions, growth curves were determined for both the egg and tissue culture 
adapted viruses. The titre reached in the maintenance medium at 60 hours' 
incubation of infected tissue cultures was lOS TC ID50/ml. with the adapted 
virus and 106 TC ID50/ml. with the parent virus. 
The infectivity titre of the tissue culture adapted virus was the same when 
determined by haemagglutinin production in chick embryos or haemadsorption 
of guinea-pig erythrocytes in tissue culture. This comparison was true also of 
the parent virus. 
INTRODUCTION. 
A student searching the literature will be struck by the many and varied 
facets of microbiology and immunology with which the name of Burnet is 
associated. A series of which this paper is one, can touch only some of the 
various aspects o.f Sir Macfarlane Burnet's long and distinguished career in 
medical research. It is appropriate, however, that a paper dealing with virus 
neutralization by antibody, as welJ as with some propePties of Newcastle disease 
virus ( NDV ) should be included. On both these subjects he has made out­
standing contributions (Burnet, Keogh and Lush, 1937; Burnet, 1942). 
Newcastle disease of chickens has been identified in Australian flocks twice 
( 1930-32) and each time it was eradicated ( Albiston and Corrie, 1942). A 
recent survey involving examination of 1,425 serum samples from 17 hatcheries 
in four Australian States failed to reveal any serological evidence of infection 
by the Newcastle disease virus in these hatcheries (French, 1964). During the 
Aust. J. exp. Bioi. med. Sci. (1965), 43, pp. 371-380. 
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course of this investigation it was found that the Albiston and Corrie strain
of NDV mu1tiplied in baby hamster kidney ( BHK21) tissue cultures . 
We now report a study of the growth, adaptation and titration of this strain
of NDV and its neutralization by antiserum in BHK21 tissue cultures . 
MATERIALS AND METHODS. 
Virus. The Albiston and Corrie strain of NDV was obtained, with the permission of 
the Director of Veterinary Hygiene, from Sir Macfarlane Burnet's laboratory. It was pro­
pagated in the allantoic cavity of 11-day-old chick embryos as described by Burnet (1942 ) .  
The working stock of virus, which was stored at - 20°, consisted of infected allantoic fluid 
mixed with an equal volume of sterile glycerol. The tissue culture adapted virus was 
stored in a similar manner. 
BH K21 cells. The clone 21 of the continuous cell line of baby hamster kidney cells 
(Macpherson and Stoker, 1962 ) was obtained from the Commonwealth Serum Laboratories. 
It was adapted from growth in medium 858 (Healy, Fisher and Parker, 19.55 ) to growth in 
Hanks' medium with serum. Tissue culture tubes were each seeded with 300,000 cells in 
Hanks' growth medium and were incubated for five days when the medium was changed 
to maintenance medium. The tissue cultures could be maintained in good condition without 
further medium change for up to seven days. 
Growth and maintenance media. The basic medium was Hanks' solution (Hanks and 
Wallace, 1949 ) with 0·5 per cent lactalbumin and 0 · 01 per cent Difco yeast extract. For 
growth, 10 per cent of calf serum was added to the basic medium, and for maintenance 
3 per cent of lamb serum replaced the calf serum. 
Titration of v irus. A series of tenfold dilutions of the virus was made in growth 
medium and from each dilution 0 · 1 mi. was inoculated into each of five tubes of BHK cells, 
with the exception that, in the growth curve studies, 1 ml. of undiluted material was 
inoculated in order to detect any smaller amount of virus present. Growth of the virus 
in the tissue cultures was detected by haemadsorption (Vogel and Shelokov, 1957 ) of 
guinea-pig cells. One drop ( 0 · 02 ml. ) of a 4 per cent suspension of washed guinea-pig 
erythrocytes in physiological saline solution was added to the medium in each tissue culture 
tube. After they were allowed to stand in a rack at bench temperature for 30 to 60 minutes 
to allow the erythrocytes to settle on the cell sheet, the tubes were examined with a 
microscope for areas of haemadsorption. 
Titration of the virus in chick embryos was by the method of Burnet and Beveridge 
(1943 ) .  Infectivity end points were calculated by the method of Reed and Muench ( 1938 ) .  
When the Spearman-Karber method (Finney, 1952 ) was used essentially similar results 
were obtained. 
Haemagglutination ( HA ) and haemagglutin in inhibition (HI)  tests. These procedures 
were carried out by the methods laid down by the poultry diseases sub-committee of the 
National Academy of Sciences ( 1959 ) .  
Growth cycle studies . A series of tissue cultures was inoculated with 2,000 TC ID50 
of virus in 2 ml. of maintenance medium. The virus was allowed to adsorb to the cells 
for one hour at 18-22 °. Tubes with virus and maintenance medium, but without the cells, 
were included as a control on possible thermal inactivation of NDV during the adsorption 
period. E ach tissue culture was then washed twice with 2 ml. of medium, fresh medium 
was added and the tubes incubated at 37°. At intervals the supernatant fluid from four 
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tubes was pooled, centrifuged at 3000 g. for five minutes to deposit cells, and the super­
natant was stored at - 20°. In some experiments the cell sheets were frozen and thawed 
once and 2 mi. of medium added to each tube, which was then stored at - 20°. Subse­
quently, these tubes were again thawed and the contents pooled, centrifuged at 3000 g. 
for five minutes and the supernatant fluid titrated for virus. 
Immune serum. Two rabbits were immunized by the intravenous inoculation of NDV 
as infected chick embryo allantoic fluid on two occasions. The first inoculum consisted 
of !5 mi. and the second of 2 mi. which was given 15 days later. The rabbits were bled 
before inoculation and on days 19, 21 , 25 and 30 after the first inoculation. E ach semm 
sample was separated and, after heating at 56° for 30 minutes, was stored frozen at - 20° 
before use. 
Neutralization tests. Each serum sample was titrated in twofold dilutions for neutraliz­
ing antibody using a series of vims dilutions differing by 0·5 log10 TC ID50. The virus­
serum mixtures were allowed to stand on the bench for one hour before 0 · 2 mi. of each 
mixture was inoculated into each of eight tubes of BHK cells. After 96 hours' incubation 
at 37° in stationary racks, growth of virus in the tubes was detected by haemadsorption 
using guinea-pig erythrocytes. The neutralizing end points were calculated by the method 
of Reed and Muench (1938) .  
RESULTS. 
Adaptation of virus to growth in BHK cells. When inoculated with 0·1 ml. 
of a IQ-2 dilution of the stock NDV, the tissue cultures showed definite evidence 
of haemadsorption ( HA) after incubation for 18 hours .  Incomplete cytopathic 
effect ( CPE) was detected after 96 hours' incubation. Serial passages were 
made each 4-5 days using 0·1 ml. of undiluted supernatant fluid up to passage 13. 
From passages 14 to 40, undiluted virus was passaged daily. Two passages, 
each at one-day interval, were then made at limit dilution (Burnet, 1951 ) .  
The passage 43 was prepared by inoculation of 0 · 1 ml. of undiluted fluid from 
the limit dilution tube of passage 42 into a series of BHK tissue cultmes. These 
cultures were hm-vested after two days' incubation and the virus stored in 50 per 
cent glycerol at- 20°. This virus was neutralized by serum from the two rabbits 
immunized with the egg adapted NDV. 
From passage 30, HA was observed as early as 10 hours after inoculation 
and CPE was always present 48 hours after inoculation. The CPE was charac­
terized by swelling and rounding of the cells .  It began in discrete foci and 
spread rapidly to involve the entire cell sheet. Subsequently, the cells detached 
from the glass .  No evidence of giant oell formation was obse1-ved. 
Gwwth cycle studies. 
Titra-tion of the fluid removed from the inoculated tissue cultums following 
the one-hour adsorption period indicated that appmximately 1 per cent of the 
virus had been adsorbed. No evidence of thermal inactivation of the virus 
was detected in the control tubes. 
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(a) Egg adapted virus. Fig. 1 shows the growth curve of the virus in the 
tissue cultures inoculated with egg adapted NDV in comparison with that of 
tissue culture adapted virus. Virus was first detected after 15 hours and reached 
a peak at 17 hours; there was a second rise in titre commencing at 19 hours. 
A plateau was reached at 72 hours and the titre of virus remained at approxi­
mately this level for 168 hours. Haemagglutinin was first detected in undiluted 
medium at 60 hours' incubation and its titre rose to 32 at 120 hours. 
(b) Tissue culture adapted virus. The growth curve of passage 43 ( TC43) 
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Fig. 1. Comparative growth curves of egg adapted and TC 43 virus. · - - - - · = TC 43 
virus in medium. .--. = egg adapted in medium. 
first detected in the medium after six hot,rs' incubation and the first peak was 
reached at eight hours. The second rise commenced at 12 hours and was fol­
lowed by a plateau from the 19-22-hour period. The infectivity remained 
stationary from the 60th hour until termination of the experiment at the 84th 
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hour. The tih·e of virus in the cell sheet (Fig. 2 )  approximated that in the 
medium until the sheet had almost completely left the glass .  Haemagglutinin 
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Fig. 2. Appearance of TC adapted virus in cells and ·medium and appearance of HA in the 
medium. ·---- · = TC 43 virus in medium. o -- o = TC 43 virus in the cells. 
X . •  , • • •  X = haemagglutinin in medium. 
Titration of egg adapted and TC virus in eggs and tissue cultures. The 
glycerolated stocks of egg adapted and tissue culture adapted viruses were each 
titrated in chick embyros using haemagglutinin production in the allantoic fluid 
as well as death of the embryo at four days for the detection of virus growth . 
The same dilutions of these viruses were also titra.ted in tissue cultures and 
infection was detected by the haemadsorptiorn phenomenon. Table 1 shows 
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REGRESSION EQUATION:-
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Fig. 3. Standard curve for neutralization of NDV by rabbit serum. X = observed values. 
' = c;:alcu!ated expected value,c 
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TABLE l. 
Comparative titres of N D V 
Titrated by 
Haemagglutinin 
in allantoic fluid Death of chick 
after 4 days' embryo after 4 Haemadsorption CPE in TC 
Virus (per 0 ·1 ml) incubation days' incubation in TC at 96 hours 
ii]gg adapted 1o•· s 106• 6 106•9 (96 hrs.) 105·9* 
!I.'C adapted: TC 14 IO•·• 10 •· 0 106• 7 (96 hrs.) 10 7·1 
rrC adapted: TC 43 103• 7 103• 7 10•· 7 (48 hrs.) 1 o•· 7 
I 
* The CPE in this series was minimal and focal. 
Neutralization of NDV by immune rabbit serum. Neutralization curves 
using the range 20 to 20,000 TC ID,30 of the virus wel'e determined for each 
of four serum samples from two 11abbits immunized with NDV. 
Pre-inoculation serum samples from both rabbits showed no neutralizing 
activity when tested with the smallest dose of virus. An analysis" of data ob­
tained with each of the post-inoculation serum samples was made in order to 
construct a standard curve relating log10 serum antibody (50 per cent end point 
of neutralization), y, to log10 virus concentration, x, per 0·1 ml. 
TABLE 2. 
Analysis of variance of the data derived from neutralization of N D V by rabbit serum. 
Mean I Significance JJegrees Source of variation freedom squares I Variance test p --- --- -------------
Between rabbits 1 0·04968 4·74 < 0·05 
Between bleeds within rabbits 6 0·46632 44·47 < 0·001 
Av. linear 1 10·61575 1012·28 < 0·001 
Av. quadratic 1 0·17888 17·06 < 0·001 
Av. cubic l 0·08687 8·28 < 0·01 
Deviations 3 0·00560 - n.s. 
Error 42 0·01049 
Total 55 I 
The standard curve ( Fig. 3 )  has been fitted as a polynomial regression 
with terms up to the third degree, i.e. cubic. Each coefficient in t}l.is regression 
is significant and there are no significant differences between the coefficients 
obtained by fitting the standard curve separately to each of the eight sets of 
observations. This means that the shape of the standard curve is the same for 
each rabbit and at each bleeding. A summary of the analysis of variance is 
shown in Table 2 and the regression equation is given in Fig. 3. 
"The analysis was carried out by Mr. vV. B. Hall, B.A., of the C.S.I. R.O. Division of 
Mathematical Statistics. The experimental data on these eight sets of sera can be made 
available upon request to the authors. 
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The 10 rabbit serum samples were each titrated for haemagglutinin inhibi­
tion (HI) and Table 3 shows the HI titres and the neutralizing titres against 
100 TC ID50 of NDV in BHK cells. 
TABLE 3. 
Results of HI t1:trations and TC neutralization tests with rabbit serum. 
Days after first 
Rabbit FRISI Rabbit FRI82 
Neut. titre inoculation with virus HI titre Neut. titre HI titre 
0 0 0 0 0 
19 ;>6400 585 ;>6400 585 
21 3200 200 3200 300 
25 800 ISO 800 261 
30 400 176 400 128 
DISCUSSION. 
There is now a fairly extensive literature describing the growth of NDV 
in tissue cultures. In addition to chick embryo tissue cultmes (Morehouse, 
Moses and Gustafson, 1963), swine and mlf kidney and calf testis cultures 
( Markovits and T6th, 19'64), swine embryo lymph node oells (Morehouse et al., 
1963), a number of other mammalian cell lines, e.g. He La cells (Bankowski and 
Hyde, 1957), monkey kidney cells (Chanoek, 1955), Ehrlich ascites tumou1· 
cells (Flanagan, Love and Tesar, 1955), and HEp-2 cells (Johnson and Scott, 
1964) have been described as a host cell system for the growth of NDV. 
We have found that BHK cells derived from the diploid clone 21 are easny 
maintained on a simple medium as a continuous cell line and that they are 
highly susceptible to infection with the Albiston and Corrie strain of NDV. 
This is the only strain of NDV that has been isolated in Australia and, for 
quarantine reasons, it is the only laboratory strain available for study here. 
That ,this virus multiplies readily in BHK cells can be seen from the growth 
curve shown in Fig. 1. After adaptation to tissue culture, it has a simiiar curve 
but growth appears earlier. The evidence we present indicates a six-hour 
growth cycle with the tissue culture adapted virus and this is in agreement 
with the findings of Csikvary, Markovits and T6th ( 1961), who studied the 
growth of NDV in primary cultures of pig kidney tissue. 
With the tissue culture adapted Australian strain of NDV, we found that 
haemagglutinin could not be detected in the maintenance medium until 36 
hours after inoculation with the small dose of virus we used. However, it rose 
to a titre of 128 at 84 hours, which is comparable with the lower titres obtained 
by growing the egg adapted strain in the allantoic cavity of chick embryos. It 
might be feas.ible, therefore, to use BHK cells for growing this strain of NDV 
for commercial production of inactivated vaccine. However, we have no in­
formation on any alteration in virulence that may have occurred following 
serial passage of the virus in tissue culture. 
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The . results obtained in neutralization tests with the rabbit serum samples 
indicate that over the practical range of virus concentration ( 60-2000 TC ID50), 
there is a linear relationship between the neutralizing titre of the immune 
rabbi:t serum and the amount of egg adapted virus employed in the test. This 
property may have i:ts explana.tion in the Law of Constant Proportions which 
Burnet and his colleagues first postulated many years ago ( Burnet et al. , 1937) 
in their studies on neutralization of virus by antibody. 
The accuracy of the data we have obtained in these quantal titmtion�> 
depends upon the use of haemadsorption to detect virus growth. Although the 
tissue culture adapted NDV produces extensive cytopathic effect ( CPE ) 
in the BHK cells, the use of the haemadsorption phenomenon allows the detection 
of small foci of infection of the cell sheet. Often the earliest observable sign 
of infection was the appearance of 5-10 red cells characteristically adhering to 
one or two tissue culture cells which were otherwise normal. In this way even 
minimal infection of the cell sheet could be detected. Extension of this work 
to include other strains of NDV is necessary to fully evaluate this host system, 
but this work cannot be undertaken in Australia. It is likely, however, that 
the BHK-clone 21 line will prove to be a valuable host system for the s1tudy 
of other strains of NDV. 
Although we were not investigating in detail the serological response of 
rabbits to NDV, the results summarized in Table 3 indicate that, following two 
intravenous injections of virus, both HI and neutnrlizing antibody rose to a 
high level and fell progressively a:nd rap�dly over a short period. This probably 
indicates that the virus did not multiply in the rabbits. 
The results shown in Table 1 indicate that the infectivity of the egg adapted 
NDV is similar for chick embryos and the tissue culture when infection of the 
latter is detected by HA. The egg adapted virus in tissue culture produced 
some CPE at the higher dilutions but little or none when used undiluted or 
diluted I0-1 •  The tissue culture adapted virus, however, gave the same infec­
tivity titre in chick embryos and in tissue culture; in the latter it completely 
destroyed the cell sheet between 60 and 72 hours ( Fig. 2 ) .  The adaptation 
process, as we have achieved it, is evidently not so much the selection of mutants 
that can cause CPE ( the egg adapted virus caused some CPE up to a dilution 
of 10- G) , as the selection of those mutants which can multiply and spread 
rapidly in the tissue culture cell sheet. Whether the adaptation of NDV to BHK 
cells is associated with a "virulence gene" ( Burnet and Lind, 1954 ) ,  or with the 
suppression of interferon production by a proportion of the egg adapted virus 
as described by Anderson and Atherton ( 1964 )  with measles virus in tissue 
culture, has not been determined in this study. 
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INFECTION OF CHICKS WITH RECENTLY ISOLATED NEWCASTLE 
DISEASE VIRUSES OF LOW VIRULENCE 
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JENNIFER J. PERCY, B.Sc. 
Division of Animal Health, Animal Health Research Laboratory, C.S.I.R.O., 
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Introduction 
Newcastle disease first appeared in Victoria, 
Australia, in 1930 and reappeared again in 
1932. The virus was isolated by Albiston and 
Gorrie (1942), and it was eradicated by the ap- 
plication of quarantine measures and by the 
slaughter of all affected and in-contact birds. 
No evidence of the presence of Newcastle dis- 
ease virus (NDV) in Australia was found from 
1932 until early in 1966, although Retnas- 
abapathy and Chong (1963) reported isolating 
NDV from chicks imported into Malaysia from 
Australia. However, a serological survey made 
in 1964 on 1425 serums from breeding birds in 
404 
17 hatcheries that had supplied chicks to Malay- 
sia and were located in four of the Australian 
states failed to reveal any evidence of the pre- 
sence of Newcastle disease (French 1964; McIn- 
tosh 1964). 
The isolation of a strain of NDV from chickens 
in Queensland in January 1966 has been des- 
cribed by Simmons (1967). Subsequently simi- 
lar viruses were isolated in New South Wales 
by Keast and Littlejohns (unpublished) and in 
Victoria by Wells and Watson, and by Lindsay 
and Woolcock (unpublished). 
We report the results of examining the patho- 
genicity for chickens of the original strain of virus 
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isolated in Queensland and one of the New 
South Wales strains. The pathogenicity for chick 
embryos of these viruses is compared with that 
of the Albiston-Gorrie strain of NDV. 
Materials and Methods 
Viruses. Stock virus consisted of equal parts of in- 
fected allantoic fluid with sterile AR grade glycerol, 
which was stored at  -20°C. For  the preparation of 
infective virus a 1W dilution of the stock virus in 
nutrient hroth containing 100 units of penicillin and 
0.1 mg dihydrostreptomycin per ml was inoculated sub- 
allantoically in a number of 9-10 day old chick embryos 
(0.1 ml per embryo). The inoculated embryos were 
incubated at either 35°C or 37°C for 2 to 4 days and, 
following chilling to kill the embryos, the allantoic 
fluid was collected. 
The followine viruses were used in this studv: 
NDV. A-G strain; the strain described by Albiston 
NDV. V4 strain; isolated in Queensland (Simmons 
and Gorrie (1942). 
1967). The virus used was the 9th chick embryo pas- 
sage virus. 
NDV, V11 strain; isolated in New South Wales 
(Keast and Li!tlejohns, unpublished). The virus used 
was the 5th chick embryo passage v~rus.  
Ten-fold dilutions of the virus were made in nutrient 
broth containing penicillin and streptomycin. 
Exaniinution of tissue f o r  virus. Chicks were killed 
with coal gas and, using instruments sterilised by boil- 
ing, portions of trachea, proventriculus, rectum and the 
whole spleen were dissected out. A fresh set of instru- 
ments was used for each tissue. In the laboratory the 
tissues were ground aseptically with alundum and taken 
up in 4 to 5 ml of sterile buffered glycerol saline 
(M/25 phosphate buffer with 50% glycerol, p H  7.6) 
containing 1000 units of penicillin and 1.0 mg of dihy- 
drostreptomycin per ml. Four chick embryos were each 
inoculated sub-allantoically with about 0.1 ml of the 
tissue suspension, which was not centrifuged and which 
was subsequently stored at  -20°C for later titration, if 
the undiluted material yielded virus. The inoculated 
eggs were incubated at  37°C for 5 days then refriger- 
ated at  4 °C  overnight and a small amount of allantoic 
fluid was collected and tested for haemagglutinin (HA) 
with fowl erythrocytes. The isolated viruses were iden- 
tified in each instance by haemagglutinin inhibition 
(HI) tests with NDV antiserum. Allantoic fluids with 
no H A  were passaged once undiluted and subsequently 
examined for H A  before being regarded as having n o  
NDV present. 
Chickens and chick embryos. Chickens were obtained 
from a commercial breeder whose stock a t  the time 
was said to be free of antibody to NDV. Embryonated 
eggs were obtained from the same source. They were 
incubated and prepared for inoculation as described by 
Beveridge and Burnet (1946). 
Haemagglutinin tests. Haemagglutinin titrations were 
carred out as described in the "Methods for examina- 
tion of Poultry Biologics" ( 1963). 
Hueniagglutinin inhibition ( H I )  tests. Dilutions of 
serum were made in physiological saline and to one 
volume of each serum dilution in tubes (80 mm x 10 
mm diam.), one volume of virus containing 10 HA 
units was added. The mixture was shaken and allowed 
to stand at room temperature (18-22°C) for 30 min- 
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Figure 1-Antibody levels and titres of virus recovered from in- 
contact and infected chickens. 
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utes, then one volume of 0.5% fowl erythrocytes was 
added and the cells allowed to settle. Controls were 
a standard positive antiserum and the erythrocyte SUS- 
pension with saline alone. 
Neutralisariun tests. These were carried out in baby 
hamster kidney (BHK) tissue cultures by the method 
of French and St. George (1965). 
Clawification of strains. Values for mean death time 
MDT) in chick embryos, intramuscular pathogenicity 
index (IMPI) and intracerebra1 pathogenicity index 
(ICPI) were determined as described in “Methods for 
examination of Poultry Biologics” ( 1963). 
Results 
1. Inoculation of Chickens by the Oral Route 
A group of 80 day-old chicks was inoculated 
(day 0) on the tongue with one drop containing 
105.4 50% egg infective doses (EIDso) of V4 
virus. Three hours later, three chicks were killed 
and examined for virus. Three chickens from 
this group were examined for virus on each of 
days 1 and 2. 
On day 2, another 80 chicks (now 3 days old) 
were transferred from isolation and placed in 
the brooder with the remaining infected chicks. 
From day 3 to day 18 three of the infected and 
three of the in-contact chicks were killed daily 
and examined for virus. 
Ten of the 250 chicks obtained as day-old 
chicks were bled on day 0, and their serum 
pooled and subsequently tested for HI and neu- 
tralising antibody. A group of 20 birds was 
also kept in isolation and subsequently serum 
samples from these birds were examined for HI 
and neutralising antibodies. No sample had 
antibody detectable by either method. 
On day 22 the remaining birds from the in- 
contact group were transferred to a brooder con- 
taining 27 clean chickens of the original group, 
which was housed in another isolation room. 
None of these clean chickens developed NDV 
antibody over a period of 28 days of contact. 
The results are shown in Figure 1 .  
Some chicks in the inoculated group had virus 
in their tissues over a period of 9 days and the 
in-contact group had chicks with virus in their 
tissues within 24 hours of contact. Virus was 
detectable in the in-contact group for 13 days. 
In both groups virus was detected in the tissues 
of infected chicks even though HI antibody was 
present in the serum of these birds. It was not 
until neutralising antibody appeared in the serum 
of a chick that virus was no longer detectable in 
chicks of either group. 
2, Inoculation of Chicks by the Cerebral Route 
(a) Intracerebral Pathogenicity Index: A group 
of 10 day-old chicks was inoculated with V4 
virus and another similar group with V11 virus; 
a third group of day-old chicks was inoculated 
with the diluent without virus. None of the 
chicks inoculated with V11 virus showed any 
clinical signs of infection, and one chick had no 
HI antibody in a serum sample collected 12 days 
after inoculation; the remaining 9 birds had HI 
titres ranging from 35 to 280. None of the chicks 
inoculated with diluent showed clinical signs, 
and none had HI antibody when bled on day 12. 
Three of the chicks inoculated when day-old 
with V4 virus were found dead, one on day 6 
and two on day 7. At autopsy, the spleen of 
each of these chicks was enlarged and the liver 
was pale, swollen and friable. Virus was de- 
tected in samples of brain, trachea, lung, liver, 
spleen, proventriculus and rectum. The titre of 
virus in the liver was of the order of lo7 EID,, 
per gram of tissue. On day 12, seven chicks of 
this group were still alive, but one of these had 
severe torticollis (“wry neck”) and showed inco- 
ordinated movements. At autopsy the only gross 
abnormality detected was a pale liver with only 
small areas of normal tissue present. 
Sections of the tissue taken from this bird 
were examined by Mr. J. H. Whittem, B.V.Sc., 
of this laboratory, and he reported:-“Histo- 
logically, the liver showed only a mild cloudy 
swelling. In the lung there was venous conges- 
tion with much free blood in some para-bronchi. 
A focal granuloma measuring approximately 1 
mm in diameter in fixed tissue was present and 
fungal hyphae were demonstrated within it. In 
the central nervous system there was severe dam- 
age to nerve cell bodies, including nuclear 
vacuolation, and an occasional small granuloma 
which may have been of fungal origin or per- 
haps associated only with a needle track”. 
Virus was present in the trachea, proventri- 
culus and rectum (which were the only tissues 
examined from this bird) despite an HI antibody 
titre of 280 in its serum. The remaining six 
chicks showed considerable variation in size and 
development compared with the control chicks 
and those inoculated with V11 virus. Serums 
collected on day 12 from the 7 remaining V4 
inoculated birds had HI antibody titres ranging 
from 80 to > 320. The ICPI for the V4 strain 
was 0.1 on day 8, and 0.27 on day 12. 
(b) Susceptibility of older birds to intracere- 
bra1 inoculation: Five 9-week old birds were each 
inoculated intracerebrally with 0.05 ml contain- 
ing 107.2 EIDEO virus. None showed any clinical 
signs of infection over 24 days. No HI  or 
neutralising antibodies were detected in any of 
the pre-inoculation serums; samples collected 14 
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days after inoculation had HI titres ranging from 
80 to 240. 
3.  Inoarlation of  Chickens Intramuscularly 
No clinical signs of infection were detected in 
6-week old chickens inoculated with either virus. 
Serums collected from birds 12 days after inocu- 
lation with V4 virus had HI titres ranging from 
30 to 240, those from the V11 inoculated birds 
had titres of 25 to 60, while the control birds 
had no detectable antibody. The IMP1 for V4 
and VII virus was zero. 
4. Meun Death Time in Chick Embryos 
The MDT for the Albiston-Gorrie strain was 
64 hours. The other two viruses failed to kill 
the chick embryos regularly even when inoculated 
with 10' EIDno and incubated for up to 12 days 
after inoculation, and they can be regarded as 
having a very low pathogenicity for chick em- 
bryos. 
TABLE I 
Virus Rernvercd from Hritclied Chicks Iiiocitlatcd 
in  01'0 
Virus Titre: El,,, per 
with Chick Present in: Tissue Sample 
Embryo Age of 
infected Hatched 
V4 strain 
VI 1 strain 
V1 I strain 
V4 strain 
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5 .  Recovery of NDV from Hatched Chicks 
Some chick embryos that survived 12 days' 
infection with V4 and Vl1 viruses were allowed 
to hatch as normal looking chicks. Two of these 
were killed with coal gas at 24 hours and their 
tissues examined for virus. Another chick was 
examined 1 hour after it had hatched, 
The incubation temperature was 35°C and the 
humidity was well below the normal level for 
the hatching of eggs. Several embryos were ob- 
served to commence hatching but died in the 
shell. Two such embryos were examined for 
virus. The results obtained are shown in Table 
I and indicate that the hatching chicks had very 
large quantities of virus in their tissues. A glass 
jar in which a chick had been allowed to hatch 
overnight was washed out with 20 ml of nutrient 
broth. Newcastle disease virus was detected in 
the washings, indicating that during hatching the 
environment became contaminated. 
6. Recovery of Virus from Infected Carcases 
Fifteen 8-week old chickens with no detectable 
HI or neutralising anitbody were inoculated in- 
tramuscularly with loc EIDno of V4 virus. Three 
were killed on each of days 1 ,  2, 3 ,  4 and 7. 
They were dressed and stored frozen in separate 
plastic bags at -20°C. The abdominal viscera 
and the head and feet of each bird were similarly 
frozen together in another plastic bag. Samples 
of trachea, spleen and rectum from the birds 
killed on days 2, 3 and 4 were shown to have 
NDV present by inoculation of chick embryos. 
After 3 months' storage, one bird from those 
dressed on each day was coarsely minced while 
still frozen. The corresponding lots of offal were 
also minced together but separately from the 
carcases. A representative sample of the car- 
case mixture and of the offal mixture was each 
found to contain NDV when examined in chick 
embryos. 
Each minced mass was fed individually to 
groups of sixteen 6-week old chickens in isola- 
tion. Both groups were bled for serum samples 
14 and 21 days after being fed. The group fed 
with offal did not develop any clinical signs of 
infection nor any detectable HI antibody. Four 
of the 16 birds fed the carcase material had HI 
antibody titres 14 and 21 days after feeding. 
None of the birds fed the carcase material 
showed any clinical signs of infection, and twelve 
of them failed to develop HI antibody. 
Discussion 
Three distinct types of NDV, based on the 
pathogenicity of the viruses for chicks and chick 
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embryos, have been described (Hanson and 
Brandly 1955). The terms “lentogenic”, “meso- 
genic” and “velogenic” have been proposed for 
the three types and the methods employed to 
characterise a strain of NDV are set out in 
“Methods for the examination of Poultry Bio- 
logics” (1963). 
The results obtained in our study with the 
recently isolated V4 and V11 strains of NDV 
show that these viruses are of very low patho- 
genicity for chick embryos. Even strains clas- 
sified as lentogenic usually kill chick embryos 
and have a MDT of 90-150 hours. Neither the 
V4 nor the V11 strain could be titrated for in- 
fectivity in chick embryos by observing death 
of the infected embryos but, by using HA pro- 
duction in inoculated embryos as evidence of 
infection, it could be shown that freshly harvested 
allantoic fluid virus of either strain had embryo 
infective titres of loD or greater per ml. The 
Albiston-Gorrie strain, on the other hand, had 
a MDT of 64 hours and the E I D ~ o  f an Albis- 
ton-Gorrie virus preparation was the same 
whether determined by death of the embryo or by 
HA production in the inoculated embryo, that is, 
the IDno and the LDSo for the chick embryo 
were the same for this virus. 
The V4 strain had an intracerebral patho- 
genicity index in day-old chicks of 0.1 8 days 
after inoculation and 0.27 after 12 days (Tbth 
1966). These results indicate that the V4 strain 
has a low ICPI and place this virus among the 
lentogenic strains (Methods for the examination 
of Poultry Biologics 1963; T6th 1966). The 
V4 strain was non-pathogenic for older birds by 
the cerebral route, and the V11 strain was non- 
pathogenic for day-old chicks by this route, but 
it was not tested in older birds. 
The failure of both the V4 and V11 strains to 
cause clinical infection following intramuscular 
injection into 6-week old chickens was also in 
keeping with their low degree of pathogenicity. 
The results obtained following feeding of 
virus and the fate of in-contact chicks indicates 
that the virus multiplies rapidly and to high titre 
in chicks of this age. Furthermore, it spread 
efficiently to in-contact chicks without producing 
any clinical signs of infection and was recovered 
from the trachea and rectum of birds even though 
they had HI antibody in their serum. However, 
a group of 25 naturally infected chicks failed to 
transmit infection to 28, 20-day old chickens 
7 days after the first group was last known to be 
excreting the virus. Under conditions of this 
experiment (with the chickens on wire in a 
brooder) the virus failed to survive for 7 days. 
Transovarian transmission of NDV is not re- 
garded as having much epidemiological signifi- 
cance with strains of the virus studied else- 
where. The virus is usually so lethal for chick 
embryos that they rarely hatch (Lancaster 
1963a). Our findings with the infected embryos 
that hatched do not prove that transmission 
through the egg is a significant method of spread 
of the virus, but they do indicate that should an 
infected hen lay infected fertile eggs, then these 
embryos could hatch as heavily infected chicks. 
Under such circumstances many of the other 
chicks in the incubator with the infected chick 
would become infected. Embryo transmission 
might be a rare event, but it would only need 
to happen once in a large commercial hatchery 
to produce many thousands of infected chicks, 
which could be despatched to other establish- 
ments and so disseminate the virus widely 
throughout the country. Furthermore, such in- 
fection could well be sub-clinical. 
Infected fertile eggs used to produce avian live 
vaccines could be a means of spread of NDV, 
and this aspect of Newcastle disease epidemi- 
ology overseas has been reviewed by Lancaster 
(1963b). The presence of the V4 and V11 
viruses as contaminants of vaccines would not 
be suspected unless specific tests for NDV were 
carried out. Tests designed to detect NDV 
should now be routine in Australia on all chick 
embryo-produced vaccines for use in man, 
domestic animals or birds. 
Sub-clinical forms of Newcastle disease have 
been recorded previously by a number of work- 
ers. Minard and Jungherr (1944) were the first 
to report finding serological evidence of NDV 
infection in flocks showing no clinical signs of 
infection. Jungherr and Terrell (1 947) recorded 
several sub-clinical occurrences of NDV infec- 
tion and the spread of the virus in the flocks 
detectable only by the appearance of antibody in 
the serum of the chickens. Bankowski (1961) 
described in detail the occurrence of NDV in- 
fection in a large chicken breeding flock in Cali- 
fornia; the condition was diagnosed serologically 
by chance, and the causal agent was not isolated. 
The isolation in Queensland of the V4 strain 
of NDV was unexpected. Moreover, serological 
tests carried out over the past year have shown 
that many flocks of chickens over wide areas of 
Australia now have NDV antibody (unpublished 
data) yet we are not aware of any clear-cut in- 
stance of overt Newcastle disease having been 
recognised. The results we have obtained by 
inoculating chickens with the V4 virus indicate 
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that it is of extremely low pathogenicity even for 
day-old chicks. 
Subclinical infection of fowls fed infected 
deep frozen carcase, demonstrates another pos- 
sible method of spread of the virus. Even strict 
supervision exercised over chickens being killed 
and processed in broiler abattoirs would not 
prevent infected carcases finding their way to 
the open market and hence to back-yard 
chickens. 
The virus is now probably so widely distri- 
buted throughout Australia as to present a dif- 
ficult task to eradicate it by means of isolation 
and slaughter alone. It has been suggested that 
the virus is possibly immunising our poultry 
against NDV but, until we can challenge with a 
fully virulent NDV some of the birds that have 
been infected with the virus of low virulence, we 
cannot tell whether infection with the latter virus 
protects against a fully virulent virus. Emerg- 
ence of a fully virulent mutant during natural 
passage of virus through flocks is also possible. 
We are engaged on a study of the properties of 
the various viruses to determine whether any 
differences in virulence can be detected in them, 
or can be produced in them by passage through 
chickens. 
Summaw 
The pathogenicity for chickens and chick em- 
bryos of two strains of NDV recently isolated 
in Australia was found to be extremely low. 
The intracerebral pathogenicity index for one 
strain was 0 and for the other 0.27. Day-old 
chicks inoculated orally with one of the strains 
had high titres of virus in the trachea and rec- 
tum 1 to 9 days after inoculation, and virus was 
transmitted to in-contact chicks without any 
specific deaths occurring in the inoculated or in- 
contact groups. 
The viruses were non-pathogenic for older 
(6-8 week) birds inoculated intramuscularly 
which, however, had virus in their tissues on 
days 2 to 4 following inoculation. The virus 
could be recovered from the infected carcases 
after these had been stored frozen at -20°C 
for 3 months and minced carcase fed to chickens 
was followed by antibody production in a pro- 
portion of them. 
The two recently isolated strains of NDV ex- 
amined were non-pathogenic for chick embryos. 
Some experimentally infected embryos were 
allowed to hatch and very high titres of virus 
were found in their tissues. 
The significance of these findings in relation- 
ship to the epidemiology of the outbreak of low 
virulence Newcastle disease in Australia is dis- 
cussed. 
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GENERAL DISCUSSION 
Dr. R .  J .  H .  Wc4l.s (Vic) in opening the discussion The first outstanding contribution made bv French, 
said that it is probably fair to say that N D  is the Hall and colleagues was to show that the isolates of 
most important single disease of the domestic chicken. ND virus they studied all clearlv fit into the category 
It is not possible in most parts of the world to  conduct of lentogenic viruses. Moreover, these viruses are prob- 
a profitable national poultry industry without efficient ably representative of the mildest of lentogenic isolates 
vaccines to control N D  virus. known. They are equatable, possibly, with the viruses 
When the highly lethal or velogenic form of N D  reported by several workers, which were only detected 
virus entered Australia through Melbourne in 1930 and by antibody assay as they appeared not to cause disease 
again in 1932 it  was an outstanding instance of animal and therefore, could not be located in tissue when multi- 
disease control which resulted in the eradication of plying in chickens. 
the disease. The fact that this country has been free It is important, however, that we define the patho- 
of N D  since that time until 1966 is a great tribute to genicity of these isolates preckely for there are two 
the effectiveness of o u r  national quarantine programme. disease situations of importance to us. The first is where 
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E X P E R I M E N TAL I NF E C T I O N  O F  DOM E ST I C  FOWL S 
W I TH A U STRAL I A N  N EW CA ST LE D I SEASE V I RU S E S  O F  LOW  V I RULENCE  
AND SUB SE Q UE N T  CHAL L E NG E  
W I TH A V I RULENT  N EWCASTL E D I SEASE V I RU S  
BY 
E .L . FRENCH , T .D - ST .GEORGE and J .J . PERCY 
The work descri bed i n  t h i s  paper was i ni t i ated by me and the experiments 
joi ntly p l anned with fir .  St .George.  I rel i ed enti rely on h i s  knowl edge 
of avian  husbandry i n  the organi zation and setti ng up of the several 
groups of ch icken in brooders . Mr St .George had the overa l l  
respons ib i l i ty for  the  dai l y  cl i ni cal observations made on the 
i nocul ated and control b i rds hel d in the i sol at i on units . 
11i s s  Percy acted as a sk i l l ed l aboratory technic ian  with respons i b i l ity 
for most of the serol ogi cal tests c i ted i n  Tabl e 3 .  
The paper was written jo i nt ly  with each member of the tea10 contri buti ng 
thei r part i cu 1 ar  data and agreeing  jo i nt ly  on the i nterpretation of the 
resu lts . 
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E .L .French (Author) 
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EXPERIMENTAL INFECTION OF DOMESTIC FOWLS WITH 
AUSTRALIAN NEWCASTLE DISEASE VIRUSES OF LOW VIRULENCE 
AND SUBSEQUENT CHALLENGE WITH A VIRULENT 
NEWCASTLE DISEASE VIRUS 
E. L. FRENCH, M.Sc., Ph.D., T. D. ST.CEORGE, B.V.Sc., 
and J E N N I F E R  J. PERCY, B.Sc. 
Dii.ision of Anin-iul Health, Animal Health Reseurch Lahorutory, CSIRO, 
Purktille, Victoria 3052. Airstraliu 
Introduction 
The properties of a Newcastle disease virus 
(NDV ) of low virulence isolated from Australian 
birds have been described (Simmons 1967, 
French et a1 1967). Eradication of this virus by 
quarantine and slaughter was not attempted, 
because serological evidence indicated that it 
was widespread in Australian flocks, and because 
no clinical evidence of Newcastle disease was 
detected. 
The presence of this avirulent NDV over a 
wide area of Australia prompted the enquiry as 
to whether infection with this virus would pro- 
tect birds against a more virulent virus. 
The only NDV available for challenge in Aus- 
tralia was that isolated by Albiston and Gorrie 
( 1942) and maintained in the laboratory for over 
25 years by periodic passage for an unknown 
number of times in chick embryos (Burnet 
1942, French and St.George 1965 ) . Although 
still virulent for chick embryos and for chickens 
up to 3 weeks of age, this NDV did not uni- 
formly kill adult fowls inoculated intramuscu- 
larly. The enhancement of virulence of the virus 
by contact transmission and by passage of the 
virus by intramuscular injection is described. The 
strain of increased virulence was used to chal- 
lenge adult birds and chicks inoculated with two 
strains of low virulence. 
Materials and Methods 
1 .irrtscs 
The viruses used in this study were the Albiston- 
Gorrie strain of NDV, designated NDV/V-1 VRI/32, 
egg pasaage level unknown; the QueenslaTd isolate V4 
(Simmcns 1967). designated NDV/Q-IARI/66, 9th 
egg passage, one of the least virulent of the mild 
NDVs recently isolated in Australia: and the Vic- 
torian isolate BZ ( Lindsey and Woolcoclc unpublished), 
designated NDV/V-SVRI/66, 4th or 5th egg passages. 
This appeared to be the most virulent of the mild 
NDVs recently isolated. 
Virus used to infect chickens and for serological tests 
was obtained by inociilating the allantoic cavity of 
9- to 1 I-day old chick embryos with a lo-‘ diliition of 
stock virus. After 48 hr incubation at 3S”C. the eggs 
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were chilled and the allantoic fluid hai-vested free o f  
erythrocytes. 
E.xcrn~iri~iriun of Tissrrcs f o r  Viri1.s nrrd Scrologv 
Methods for examination of tissues for virus have 
been described by French rt a/ (1967), and haemag- 
glutinin ( H A )  t i t ra t iys  and values for mean 
death time (MIIT)  in Methods for Examination of 
Poultry Biologics” ( 1963 ) :  haemagglutination inhibition 
( H I )  tests were described by French rf a1 ( 1967). and 
serum neutralisation ( S N )  test5 by French and St. 
George 1965 ) .  
Ptisstrge of MDP‘/k’-f 1’R1/32 in FoFvls und ;,r h \ . - ( J / t /  
Chiclis 
Attempts were made to passage this virus in lowl> 
frce of antibody to NDV by intramuscular ( I M )  in- 
iection of a 1/10 dilution of allantoic fluid containing 
10” EID;,, of virus, Brain harvested from sick birds 
5-7 days after infection was used for  subsequent pas- 
sages of the virus. At the first attempt, the birds were 
12 vxelts old, but a t  the second attempt birds 28 weeks 
old were used. 
For pussage in chicks, two methods were used. 
namely natural passage by contact with infected bird\. 
and serial passage of infected brain by ( I M )  injection. 
For  the contact infection series, the initial infection 
was achieved by dropping one drop of allantoic fluid 
containing 10’” EID;,, of the virus into the palatine 
cleft of five chicks on the day they were hatched. 
These chicks were placed in a brooder in an i d a t i o n  
unit, and groups of five freshly-hatched chicks were 
marked and added to the brooder approximately twice 
a week. Observations were made once daily, and dead 
chicks were removed. The brains and tracheas of the 
11th intvoduced group were collected and the virus 
re-isolated. identified and stored. The brains hnd an 
infective titre in the order of 10’ EID,,,. 
For the first IM passage of virus, five chicks were 
qiven stcck allantoic fluid virus ( lo8 EIDx).  For 
later serial passages the brains of one or  more chicks 
that died were ground in broth and injected IM into 
a further group of five chicks one day old. This wab 
repeated six more times and the virus was rc-isoltited 
from the brains of infected chickens at  each passage 
level. 
C’circinariuri 
Adult Fow~1.s - Fifty birds, aged 7-23 months, held 
in isolation for six months and cepative for NDV 
mtibody on two or more occasions during this pericd, 
were di\,ided into three groups, placed in three scpar;>fc 
irolation units, :ind treated a s  follows: 
48 1 
Group 1-16 birds, IM injection of 10” EIDv of 
freshly harvested NDV/V-SVRI/66 in 1 ml. 
Group 2-17 birds, I M  injection of 10”” EJD <) of 
NDV/Q-lARI/66 in 1. ml. 
Group 3-17 birds, no virus. 
Chicks - Twenty newly hatched chicks were divided 
randomly into two equal groups. 
Group 4-10 chicks were each given 10’’ ElDm of 
NDV/Q-lARI/66 into the palatine cleft and placed 
in a brooder in an isolation unit. 
Group 5-10 chicks were reared outside the isolation 
unit, and away from any other fowls. 
The vaccinated and the control birds were cared 
for by separate attendants. Serum samples for exam- 
ination for antibody to N D V  were collected from all 
groups of birds on the 17th day after vaccination, and 
from three birds in each of the unvaccinated groups 
on the day of challenge. 
Cotton wool swabs of mucus were collected from 
the palates or vents of five birds in groups 1 and 2, 
and from the palates of four chicks in group 4 on 
the 7th day after infection. Attempts were made to 
isolate virus from these swabs as described for exam- 
ination of tissue for virus (French et ul 1967). 
Challenge of Immunity 
On day 25,  the adult fowls in groups 1 ,  2 and 3 
were injected IM with loa5 EIDw of N D V  in 1 ml of 
allantoic fluid virus derived from the 7th IM passage 
of NDV/V-IVRI/32. On the same dav the !hicks, 
now 25 days old, were given 1 ml of 1/5 dilution of 
allantoic fluid virus derived from the 11th contact pas- 
sage of NDV/V-lVR1/32. The dose contained approxi- 
mately loa2 EIDM, of NDV. 
All birds were observed once daily, and surviving 
birds were killed on day 39 of the experiment and 
serum samples collected ( 14 days after challenge). 
TABLE 1 
Average T h e  Between E.rposure lo Infection with 
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T h i f f i n g  due  to a brooder fault probably contributed 
to the short tiirie between infpction and  death at 
z)as:sage level 1, and t o  a subsequent reduction of 
mntac t  lime Iwtween rhic-kens a t  passage levels 1 
and 2 
Results 
Passogge of NDV/V-IVR1/32 in Adult Birds 
When inoculated intramuscularly with freshly 
harvested allantoic fluid virus all birds showed 
some signs of infection, beginning on day 6 to 7. 
Although the majority developed diarrhoea, an- 
orexia and cessation of egg laying and then re- 
covered, about 30% also developed signs of 
severe CNS lesions and some died. Some birds 
showed no signs other than mild illness on day 6 
or 7. The virus could not be serially passaged by 
IM inoculation of brain containing about lo3 
EID,,, per whole brain harvested from birds with 
CNS signs on days 4 and 7. 
Passage of NDV/V-1 VRZ/32 in day-old Chicks 
All chicks used in this experiment died. The 
average time between presumed infection and 
death is shown in Table 1. In the chicks infected 
with low passage virus, nervous signs (particu- 
larly head-bobbing) were seen 1-2 days before 
death. As the time between infection and death 
shortened, affected chicks were usually found 
dead, but some showed respiratory embarrass- 
ment. A few were observed to suddenly jump up, 
fall on their sides, and after kicking briefly be- 
come moribund. A single chick in this series was 
found dead with “red legs” similar to the descrip- 
tion by Retnasabapathy and Chong (1963). 
In a group of 16 control birds of similar age 
which were reared separately and not infected, 
only one did not survive the experimental period, 
and it was killed because of the effects of canni- 
b alis m . 
MDT of Ernbryonated Eggs 
The MDT for chick embryos before passage 
of NDV/V-lVR1/32 in chicks was 74.6 hr. After 
11 contact passages in chicks the MDT was re- 
duced to 60.8 hr, and after 6 intramuscular pas- 
sages with infected chick brain to 61.8 hr. 
Vaccination 
There was no noticeable effect on the health or 
behaviour of the adult birds in groups 1 and 2 
during the time between vaccination and chal- 
lenge. Newcastle disease virus was not isolated 
from tracheal swabs collected from these birds. 
One chick in group 4 died on day 7 after vac- 
cination and NDV was isolated from its trachea, 
proventriculus and rectum. Newcastle disease 
virus was isolated from the mucus obtained from 
the palates of the four chicks from which speci- 
mens were taken in group 4. 
Challenge of Immunity 
One bird in group 3 (unvaccinated adult con- 
trol) became sick on day 3 after challenge and 
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TABLE 2 
Tlic Rccmiori (if chi deli^ uncl .4duli Fonls Vacciiiuted bvifh Mild Srruiris of NDC' und 
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Challenge 
Prior Infection 






I I 5 I 1, ,. None 10 I 10 I 
Adult N DV/V-SVR1/66 16 0 0 
NDV/Q- IAK1/66 17 0 0 
None 17 17 4 
25 dam N DV /O- 1 AR1166 9 0 0 
was dead on day 4. The others in the group were 
subdued and not eating. On day 5 the group was 
completely silent, almost immobile and, in con- 
trast with their usual behaviour, were completely 
uninterested in feed or fresh water. All had 
green diarrhoea and egg production virtually 
ceased. Another bird died on day 7, and two 
more on day 10. Newcastle disease virus was 
isolated from each of the four birds that died. The 
diarrhoea continued in some birds until the end 
of the experiment, but in others recovery began 
on day 7. Others developed a head tremor, 
torticollis, or leg paralysis about this time. One 
developed a gasping respiration from days 8 to 
10. 
The young chicks in group 5 became ill on 
day 3 after challenge. The clinical signs were: 
rapid respiration, wings held out, and head- 
bobbing. The chicks were huddled together while 
the previously vaccinated chicks (group 4 )  be- 
No.  in 
Ci rou p 
haved normally. Two of the chicks in group 5 
died on day 3 and the remainder on day 4 after 
challenge. Newcastle disease virus was isolated 
from six of the eight birds dying on day 4. 
A summary of deaths in  all groups is given in 
Table 2. 
Serology 
Serum samples were collected from all birds 
17 days after vaccination and again 14 days after 
challenge with NDV/V-IVRI/32. Serums ob- 
tained on the day of challenge from three birds in 
each of the two control groups had no detectable 
antibody to NDV. A summary of these sero- 
logical results for all groups is shown in Table 3. 
Discussion 
The passage of the NDV/V-l-VRI/32 in baby 
chicks was successful by contact passage or by 
intramuscular passage of infected brain. Intra- 
enhanced virulence 
Primary Viius Ihvs  after HI Titre SN Titre HI Titre SN Titrc 
(strain ) Inoculation (mean) (mean 1 
TABLE 3 
Tlic A ntihody Kcsponse of I:onls lifter Expcrinientul Infection kt.illr tcc 'o  Mi ld  A uslruliurr 
Struins of  N D V  FolloM~ed h v  Chcillengs with the Moderarelv Virulent NDVI V - l V R 1 / 3 2  










NDV/V-5VR1/66 17 45 2 675 520 
NDV/Q-IAKI/66 17 I 0  < I  885 700 
- - - 830' 7354 
NDV/@lAKI/66 17 I15 I5 210 I10 
Controls 
Controls - - - -4 _ I  
Antibody response 14 days 
after challenge with 
NDV/V-lVR1/32 virus of Antibody Kekponse after Primary Infection 
Hi titre - Haerriagglutinatioii inhibition ;intibody titrrr 
SS titre - Serum neutralisation antihorly tilres 
li - Mean titres of 1 1  sui'vircirs 
f ~ N o  siirvivrns 
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muscular passage in adult birds was not success- 
ful with this virus. 
The effect of serial passage by exposure of 
chicks to infection by contact was quite marked 
(Table 1) .  As the number of days taken for 
the birds to die at the first two passage levels 
may have been affected by a brooder fault, they 
should be disregarded as atypical. Chilling of 
the initially infected birds certainly occurred, and 
the birds introduced as contacts for the second 
passage may have had very little contact with 
them before all the first group died. These first 
two groups have been omitted from statistical 
analyses. From passages 3 to 8 the time between 
infection and death decreased significantly 
( P  < 0.001 ) . There was also a trend toward a 
shorter time interval between infection and death 
in the birds used for the intramuscular passage 
of virus (Table 1). Since observations were made 
only once a day there is a large error involved 
in calculating the time from infection to death. 
Six serial intramuscular passages in chicks re- 
duced the time between inoculation with NDV/ 
V-1VRI/32 and the production of clinical signs 
in adult birds from 6-7 days to 3-4 days, and the 
clinical signs were in evidence for 4 or more 
days before the group commenced to recover. All 
the birds in the unvaccinated control groups were 
severely ill, while the groups that had received 
NDV/V-SVRI/66 or NDV/Q-lARI/66 ap- 
peared unaffected by the challenge. 
Diarrhoea and CNS signs observed in adult 
control birds (group 3 ) following challenge with 
passaged NDV/V- 1 VRI/32 were also reported by 
Albiston and Gorrie ( 1942) as occurring in field 
cases seen in the 1930-32 outbreak of Newcastle 
disease in Victoria. They produced a 100% mor- 
tality rate in adult birds, given unfiltered infective 
material, with an incubation period of 3-4 days. 
This incubation period is similar to that we have 
obtained with the NDV/V-lVRI/32 after pas- 
sage seven times in newly hatched chicks. Since 
1932, the NDV/V-IVRI/32 isolate has been pas- 
saged only in chick embryos an unknown number 
of times, and this probably resulted in attenua- 
tion of the virus for the adult bird. 
The death of one chick in group 4 may have 
been due to the NDV/Q-lARI/66 used for vac- 
cination, because virus was re-isolated from 
various organs of this chick. The four other chic- 
kens in this group that were tested were excret- 
ing virus from the mouth on day 7. 
The birds were not weighed so it is not known 
whether or not there was a temporary check in 
growth rate. Feathering appeared to be slightly 
retarded when compared with controls. The pro- 
tection against illness or death afforded to chic- 
kens by NDV/Q- 1ARI/66, against challenge 25 
days later with the virulent virus, appeared to be 
complete. How long this immunity would last is 
not known and how efficient the protection would 
be against a highly virulent wild strain of NDV 
cannot be determined in Australia at present. 
The serological results in Table 3 show that 
the antibody response to primary infection is least 
with NDV/Q-lARI/66, more marked to the 
slightly more virulent NDV/V-SVRI/66, and 
greatest to the virulent NDV/V-lVRI/32. A 
significant difference between post vaccination 
titres of groups 1 and 2 was found ( P  < 0.01). 
Serum neutralising and HI antibody increased 
markedly in both groups 1 and 2 after challenge 
with the virulent virus and approximated the level 
reached by the survivors of group 3 whose pri- 
mary infection was with this virus. Statistical 
analysis of titres after challenge of groups 1, 2 
and 3 showed no significant difference. 
The group of chickens that received NDV/ 
Q-lARI/66 when one day old had a good sero- 
logical response as judged by both SN and HI 
titres in contrast to the adults that received this 
virus, but the secondary antibody response to sub- 
sequent challenge was not as marked in the chic- 
kens as in the adult birds (Table 3 ) .  A highly 
significant difference between post vaccination 
titres of groups 2 and 4 was found ( P  < 0.001). 
Presumably multiplication of the virulent virus 
was not as extensive in the vaccinated chickens 
on challenge compared with that in the mature 
birds. 
The duration of immunity was not tested be- 
yond 25 days in either group of birds. The level 
of the antibody induced in the adults by both 
the 1966 isolates of NDV was low, but protec- 
tion of both young and mature birds appeared to 
be complete against the only virulent strain avail- 
able to us for test. The mild strains may be use- 
ful as vaccines for day-old chicks, but, as is com- 
mon practice in Asia (FAO-OIE 1959; Rao and 
Agarwal 1962), a subsequent inoculation with a 
more virulent strain may be required for life-long 
protection of the birds. 
Summary 
The Albiston-Gorrie strain of Newcastle disease 
virus (NDV/V-lVRI/32) was serially passaged 
in groups of five chickens one day of age by the 
intramuscular inoculation of infected brain 
material and by natural exposure. Both methods 
appeared to enhance the virulence for one-day- 
old chickens. 
184 .4rtstvdicrn L’cverinarv Journal, Vol. 45, 0ct.ober. 1969 
Two groups of adult birds, 7-24 months of age, 
were inoculated by the intramuscular route with 
NDV/Q-I ARI/66 and NDV/V-SVRI/66 re- 
spectively. No evidence of ill health in the birds 
after inoculation with these virus strains was ob- 
served. Twenty-five days after inoculation with 
the two mild strains of virus, both groups of 
birds, along with a third group oE uninoculated 
control birds, were inoculated by the intramuscu- 
lar route with 1 O\ EIDa,, of the NDV/V- 1VR1/32 
that had been passaged in day-old chickens by 
intramuscular inoculation. The two groups of 
birds that had received the mild strains of NDV 
virus survived challenge without any evidence of 
i l l  health, whereas the 17 control birds became 
very sick and four died. 
Of 10 chickens given the NDV/Q-lAR1/66 
orally at one day of age, one died seven days 
later. Twenty-five days after exposure to this 
virus, the remaining chickens, along with an un- 
exposed control group, were inoculated by the 
intramuscular route with 10" EIDZo of the viru- 
lent virus (NDV/V-lVR1/32) that had been pas- 
saged in chickens by natural exposure. The group 
of chickens that had first received NDV/Q-1ARI/ 
66 survived challenge without any evidence of ill 
health, whereas the 10 control chickens died 3-4 
days after challenge. 
There was a weak antibody response in adult 
birds after intramuscular inoculation with either 
NDV/Q-I AR1/66 or NDV/V-SVRI/66, fol- 
lowed by a markedly enhanced response after 
challenge with passaged NDV/V-lVRI/32. The 
control group of adult birds that received only 
passaged NDV/V-lVRI/32 had antibody re- 
sponses that were not significantly different 
( P  > 0.01 ) from those observed in the adult 
birds that had received NDV/Q-1 ARI/66 or 
NDV/V-5VR1/66 followed by challenge with 
the virulent strain, NDV/V- I VR1/32. The anti- 
body response of chicks to vaccination with 
NDV/Q-IARI/66 was significantly more marked 
( P  < 0.001) than in the adults. 
In this study the duration of protection induced 
by the mild strains of NDV against challenge with 
the virulent virus was not assessed beyond 25 
days. 
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Summary. Strains of a new flavivirus, for which the name Saumarez Reef 
Virus is proposed, were isolated from seabird ticks collected from four localities. 
Two strains were isolated from ticks of the species Ornithodoros capensis Neu­
mann 1901 collected from the nests of Sooty Terns, Sterna fuscata Linnaeus 
1766 on coral cays off the east coast of Queensland, Australia. The other three 
strains were isolated from ticks of the species Ixodes eudyptidis Maskell 1885 
taken from two dead Silver Gulls Larus novaehollandiae Stephens 1826 in 
northern Tasmania. The new virus was compared serologically with 50 other 
flaviviruses at the Yale Arbovirus Research Unit and was found to be most 
closely related to Tyuleniy virus. 
INTRODUCTION. 
In the great expanse of coral reefs off the east coast of Queensland there 
are many coral cays and islands used by seabirds as resting sites. Arboviruses 
have been isolated several times from ticks collected from a very few locations 
in this vast area, namely Upolu virus and Johnston Atoll virus ( Doherty et al. , 
1969; Doherty, unpublished data ) .  This report describes the isolation of a new 
flavivirus not only from the soft ticks ( Ornithodoros capensis Neumann 1901 ) 
of this region but also from a hard tick ( Ixodes eudyptidis Maskell 1885 ) 
collected from birds from a very different environment far to the south. 
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MATERIALS AND METHODS. 
Ticks were collected in September, 1974, from the nests of seabirds, Sooty Terns 
(Sterna fuscata) on Saumarez Reef (longitude 153·30°E, latitude 22°S) and Frederick Reef 
(154°E, 20·50°S), and were identified as 0. capensis. The nests were shallow depressions 
scraped in coral debris on cays, which were inhabited by various species of migratory birds. 
The ticks were stored in a refrigerator or liquid nitrogen until they were processed. 
Other ticks, identified as I. eudyptidis, were collected from two dead Silver Gulls 
Larus novaehollandiae Stephens 1826 one of which was found by Mr. R. H. Green near 
Launceston, Tasmania (147·10°E, 41·27°S) and one near Burnie, Tasmania (145·54°E, 
41· 04oS) in the same month. These ticks were held live at atmospheric temperature during 
transport to the laboratory, and in the laboratory, and were prepared for inoculation into 
mice :t0-14 days after collection. 
The ticks were homogenised in pools of 12 by grinding in glass tissue grinders in 10% 
rabbit-serum saline, and 0·01 ml amounts of the supernatant fluids from each pool were 
inoculated intracerebrally into litters of 6 suckling mice less than 48 h old. The mice were 
observed daily and, if no signs of paralysis were observed, the brains were harvested and 
passaged into further suckling mice after 14 days. If mice became paralysed the brains 
were passaged until the time for paralysis or death to occur became constant. 
Techniques for haemagglutination, haemagglutination-inhibition and complement-fixation 
tests used in studies at the Queensland Institute of Medical Research and the Yale Arbovirus 
Research Unit have been described (Doherty et al., 1975; Casals, 1967). Neutralization tests 
were carried out in infant mice inoculated intraperitoneally: the CSIR0-4 strain was used at 
7th passage for survey tests. The sera used in the tests were obtained from the regions where 
the viruses originated and from Macquarie Island in the Southern Ocean. 
RESULTS. 
Mice which were injected with material from 0. capensis ticks remained 
well, but paralysis or death occurred on passage, 7 or 8 days after injection on 
the second passage, and 3 to 5 days on the third passage. One strain, CSIR0-4 
was isolated from a total of 14 pools of ticks from Saumarez Reef and one strain, 
CSIR0-5 from 21 pools from Frederick Reef. The CSIR0-4 strain was re-isolated 
from the original material, again after second passage in m:ce. 
The virus strains isolated from the homogenised material from I. eudyptidis 
paralysed mice in the first passage. The interval before death varied from 6 to 
11 days but shortened on passage to 4 to 5 days. Ten strains were isolated from 
10 pools from Launceston and 6 strains from 6 pools from Burnie. The strains 
selected for comparison were CSIR0-3 from Launceston and CSIR0-14 hom 
Burnie. These strains were re-isolated. 
Five strains (three, CSIR0-3, CSIR0-14 and CSIR0-15, from I. eudyptid;s; 
two, CSIR0-4 and CSIR0-5, from 0. capensis) were submitted for identification 
to the Queensland Institute of Medical Research, in its capacity as a World 
Health Organization Collaborative Centre for Arbovirus Reference and Research. 
Sucrose-acetone extracts of infected mouse brain yielded haemagglutinin for 
each strain, with titre as high as 5120 at optimal pH 6 · 5 to 6 · 8, and were 
inhibited by antisera to several flaviviruses. Complement-fixation (Table 1) and 
neutralization (Table 2) tests suggested that the five strains were indistinguish­
able from each other, but clearly distinct from six flaviviruses isolated in Australia 
and several exotic members of the group. 
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One of the Australian strains of virus, CSIR0-4, was compared with 50 
other Haviviruses at the World Health Organization International Reference 
Centre for Arboviruses, Yale Arbovirus Research Unit by Dr. J .  Casals . The 
results are shown in Tables 3, 4 and 5. 
TABLE I .  
Complement-fixation titre of CSIR0-4 antiserum * to A ustralian and exotic flaviviruses. 
Virus 
Saumarez Reef Virus 






West Nile Virust 
Japanese Encephalitist 
St Louis Encephalitist 
Strain Titre 
CSIR0-3 128 
CSIR0-4 1 28 
CSIR0-5 1 28 
CSIR0- 14  256  
CSIR0-1 5  256 
MRM66 1 6  
MRM I 6  8 
MRM3929 1 6  
C28 1  1 6  
MRM32 8 
C338 32 
Sara fend 8 
Nakayama 8 
Hubbard 8 
* Antiserum prepared in mice given 6 weekly intraperitoneal inoculations of mouse brain 
viws. 
t Antisera to the viruses indicated, to Sepik (Mk7 148) and to dengue types 1 -4, gave negative 
complement-fixation reactions at 1 /8  and 1 / 1 6  to CSIR0-3 and CSIR0-4 antigens.  
TABLE 2.  
Antigenic comparison of strains of Saumarez Reef virus by neutralization tests in mice. 
Antiserum* to : 
Virus strain I ---- ------· 1 ___ c_si_R_o_-_3 ___ ____ c_s_I_R_o_-4 __ _ 4 · 7t > 4 · 8  CSJR0-3 
CSIR0-4 
CSIR0-5 
CSJR0- 1 4  
CSIR0- 1 5  
3 · 0  2 · 8  
> 4 · 5  > 4 · 5  
4 · 5  > 4 · 6  
> 3 · 9  > 3 · 9  
* Antisera prepared i n  mice given 6 weekly intraperitoneal inoculations of mouse brain virus. 
t Neutralizing index log , o of serum diluted 1 : 5 . 
Limited serum surveys suggest the presence of antibody in Silver Gulls 
( L. novaehollandiae ) bled near Launceston, Tasmania, in April, 1975, by Dr. B .  
L .  Munday ( Department of  Agriculture, Tasmania ) .  Four of  14 Silver Gull sera 
had HI antibody to Haviviruses, in two cases to a significantly higher titre to 
CSIR0-4 than to Murray Valley Encephalitis virus ( MVE ) .  By the neutraliza­
tion test, all four sera were reactive with CSIR0-4, but only one with MVE and 
one with Kunjin virus . Insufficient serum was available for tests to other Havi­
viruses.  Ninety-five other bird sera from gulls, L. novaehollandiae, mutton birds, 
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Puffinus tenuirostris, ducks, Anas superciliosa, swamp hens, Porphyria porphyria 
melanotus, ravens, Corvus mellori and starlings , Sturnus vulgaris from Tasmania, 
masked boobys, Sula dactylatra and terns, S. fuscata from Cato Island, and 
penguins, Eudyptes chrysolophus schlegeli from Macquarie Island, and 23 sera 
from seals ( Leopard seal, H ydrurga leptonyx, crab-eater seal, Lobodon carcino­
phaga, Weddell's seal ,  Leptonychotes weddellii and Ross seals , Ommatophoca 
rossi ) from Antarctica gave negative or equivocal results . 
TABLE 3 .  
Complement-fixation tests using a mouse ascitic fluid prepared against Saumarez Reef virus in dilutions 








1 6  
8 
< 8  
Saumarez Reef 
Tyuleniy 
Karshi, Koutango, Louping Ill, Nigishi, Russian Spring Summer Encepha­
litis, Sokoluk, Uganda, Usutu, Yellow Fever 
Alfuy, Apoi, Banzi, Central European Tickborne Encephalitis, Dengue 2, 
Edge Hill, Ilheus, Murray Valley Encephalitis, Omsk Haemorrhagic Fever, 
Saboya, St. Louis Encephalitis, Spondweni, Wesselbron, West Nile, Zika 
Dengue 4, Entebbe Bat, Israel Turkey Meningoencephalitis, Kadam, 
Kunjin, Kyasanur Forest Disease, Langat, Ntaya 
Bouboui, Bussuquara, Cowbone Ridge, Dakar Bat, Dengue 1, Dengue 3, 
Japanese Encephalitis, Jutiapa, Kokobera, Modoc, Montana Myositis 
Leukoencephalitis, Phnom-Penh Bat, Powassan, Royal Farm, Stratford, 
Tembusu, U.S.  Bat 
DISCUSSION. 
The results indicate that we have isolated a "new" arbovirus for which the 
name Saumarez Reef ( SAZ ) virus is proposed. The first ticks from which SAZ 
virus was isolated were collected at Saumarez Reef. The six flaviviruses which 
have been isolated in Australia, MVE virus ( French, 1952 ) ,  Kunjin, Kokobera, 
Edge Hill, Stratford (Doherty et al. , 1963 ) and Alfuy (Whitehead et al. , 1968 ) , 
have all been isolated from mosquitoes. SAZ virus is therefore the first flavivirus 
which has been isolated from ticks in the Australian region. The strains of SAZ 
were all isolated in a laboratory where no flaviviruses were held at the time. 
I t  is of some interest that strains from Ixodes ticks caused death in mice 
on primary inoculation, whereas those from Ornithodoros ticks required blind 
passage. The rate of isolation from Ixodes ticks was much higher. Cross­
contamination from one series to another is improbable because of the sequence 
in which they were handled, and one strain was re-isolated from Ornithodoros 
ticks . It is possible that SAZ virus is present in a much lower titre within 
Ornithodoros ticks, which would account for the lower isolation rate . No useful 
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explanation can be advanced for the association of SAZ virus with both hard 
and soft ticks, an unusual finding, as the natural history of this virus is yet to be 
investigated. 
The geographical spread of SAZ virus has yet to be determined. The small 
uninhabited coral cays of Saumarez Reef and Frederick Reef are approx. 2500 km 
from northern Tasmania where the other strains originated. Silver Gulls from 
Tasmania were the only birds with antibody which could be attributed to 
SAZ virus, though the survey was small. 
TABLE 4. 
Comparison of Saumarez Reef virus with Tyuleniy virus and Russian Spring Summer Encephalitis virus 
(RSSE) by complement fixation tests. 
Serum or ascitic fluid 
Antigen 
Saumarez Reef Tyuleniy RSSE 
Saumarez Reef 256/5 1 2 *  64/64 1 6/ 1 6  
Tyuleniy 64/64 256/256 
RSSE 32/ 1 6  1 28/256 
* Reciprocal of serum titre/reciprocal of antigen titre. 
TABLE 5 .  
Comparison of Saumarez Reef virus and Tyuleniy virus by mouse neutralisation tests. 





* N.I.  = neutralizing index. 
Virus in dilutions 
Saumarez Reef Tyuleniy 
LD s o  NI * LD s o  NI 
- - -
4 · 0  3 · 5  6 · 0  1 · 5 
2 · 7 4 · 8  < 1 · 5 > 6 · 0  
7 · 5 7 · 5  
Lvov ( 1973 ) discussed the role of migratory birds in the transfer of viruses 
from the northern to the southern Pacific basin. He suggested that foci of the 
following viruses or groups of virus found in the northern hemisphere might 
exist in the southern hemisphere, namely Tyuleniy, Kemerovo, Uukuniemi and 
Sakhalin. Doherty et al. ( 1975 ) found Nugget and Taggert virus of the 
Kemerovo and Sakhalin groups in ticks collected on Macquarie Island. Tyuleniy 
virus, the virus most closely related to SAZ virus,  has been isolated from Ixodes 
spp. ticks from the Behring Strait area ( Lvov et al., 1972 ) ,  the M urmansk 
' --- -- --
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Littoral of Russia ( Gaidamovich et al. , 1971; Lvov et al. , 1973 ) ,  and Oregon in 
the U.S .A. ( Clifford et al. , 1971 ) .  The finding of yet another virus ( SAZ ) ,  
closely related to a virus of the northern regions, strengthens the evidence that 
exchange of viruses has occurred between the northern and southern hemi­
spheres. It is highly probable that migratory birds have played a part in this 
exchange as Lvov ( 1973 ) suggested, but much more work has to be done, 
particularly in the subantarctic, to prove this point. 
Our investigation was initiated after reports of illness in the technicians 
who built and serviced the automatic weather reporting stations on Saumarez 
and Frederick Reefs and other coral cays .  They reported attack at times by 
large numbers of ticks some of which attached. An unknown proportion of these 
men subsequently developed a febrile illness .  vVe have been unable to obtain 
serum samples from men who were ill, so we have no evidence to offer as to 
whether SAZ virus produces human illness. Lvov et al. (1972 ) ,  found haemag­
glutination-inhibiting antibody to flavivirus in 6% of 33 residents of the Commo­
dore Islands where the closely related Tyuleniy virus exists . Votyakov et al. 
( 1974 ) ,  associated Tyuleniy virus infection with illness, which was characterised 
by chills, malaise, fever, headaches, joint pains, enlarged lymph nodes and 
haemorrhagic rash on limbs and trunk and an incubation period of 1-8 days .  
Complete recovery occurred. 
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T H E  I SOLA T I O N  O F  A N E W  ARBOV I R U S  F ROM ARGAS ROBERTS! 
FROM A CATTLE EGRET  COLONY I N  A U STRAL I A . 
BY 
T . D .  ST .GEORGE, D .H .  CYBI NSKJ . A .J .  MAIN ,  N .  McKILL!GAN and D .H .  KEMP 
The i s o  1 at i on of the new arbovi rus ( Lake Cl arendon ) vi rus ) from ti cks 
col l ected from an egret col ony was carried out by Mr . St .George . The 
serol ogy to determi ne that the vi rus was new to Austra 1 i a was carried 
out by me , and the serol ogy to determine that the vi rus was new to 
sc ience was carried out by Dr . Mai n . The work of col l ection of ti cks 
was s hared by Dr . Kemp , who i dent if ied a l l  the t i cks . Mr . McKi l l i gan 
and Dr . Kemp made �he observations on the egret col ony . The paper was 
written by Mr . St .George with imput from a l l  co-authors • 
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C D a r l i n g  D o w n s  I n s t i t u t e  o f  A d v a n c e d  E d u c a t i o n ,  T o o w o o m b a ,  Q l d  4 3 5 0 .  
A b s t r a c t  
A  n e w  a r b o v i r u s  w a s  i s o l a t e d  f r o m  t i c k s  o f  t h e  s p e c i e s  A .  r o b e r t s i  c o l l e c t e d  o n  3  J a n u a r y  1 9 8 0  f r o m  
t r e e s  i n  w h i c h  B .  i b i s  c o r o m a n d u s  w a s  b r e e d i n g .  T h e  b r e e d i n g  s i t e  i s  l o c a t e d  i n  a  s w a m p  a t  l a t i t u d e  
2 7 ° S . , l o n g i t u d e  1 5 2 " E .  i n  s o u t h - e a s t  Q u e e n s l a n d .  L a r v a e ,  n y m p h s  a n d  a d u l t s  o f  A .  r o b e r t s i  w e r e  
o b s e r v e d  t o  f e e d  o n  e g r e t s .  T h e  s e r u m  o f  2 9  o u t  o f  3 7  e g r e t s  f r o m  t h e  s a m e  c o l o n y  c o n t a i n e d  
n e u t r a l i z i n g  a n t i b o d i e s  t o  t h e  v i r u s .  N o  i n f o r m a t i o n  i s  a v a i l a b l e  o n  t h e  p a t h o g e n i c i t y  o f  t h i s  v i r u s  
f o r  c a t t l e  e g r e t s ,  o r  o t h e r  s p e c i e s  o f  b i r d .  L a k e  C l a r e n d o n  v i r u s  i s  s u g g e s t e d  a s  t h e  n a m e  f o r  t h i s  n e w  
v i r u s .  
I n t r o d u c t i o n  
T h e  c a t t l e  e g r e t  B u b u l c u s  i b i s  e x i s t s  i n  t w o  m a j o r  s u b s p e c i e s .  B o t h  t h e s e  s u b s p e c i e s  
h a v e  e x t e n d e d  t h e i r  r a n g e  r e m a r k a b l y ,  t h e  A f r i c a n  s u b s p e c i e s  B .  i b i s  i b i s  t o  N o r t h  A m e r i c a  
a n d  t h e  A s i a n  s u b s p e c i e s  B .  i b i s  c o r o m a n d u s  t o  A u s t r a l i a  a n d  N e w  Z e a l a n d ,  b o t h  
e x p a n s i o n s  b e g i n n i n g  i n  t h e  e a r l y  p a r t  o f  t h i s  c e n t u r y  ( H a n c o c k  a n d  E l l i o t t  1 9 7 8 ) .  T h e  
n e w  h a b i t a t  i n  A u s t r a l i a  a n d  S o u t h  A m e r i c a  w a s  c r e a t e d  b y  t h e  e s t a b l i s h m e n t  o f  c a t t l e  
i n d u s t r i e s .  T h e  e g r e t  i s  c l o s e l y  a s s o c i a t e d  w i t h  g r a z i n g  c a t t l e  i n  i t s  f e e d i n g  b e h a v i o u r ,  i t s  
d i e t  b e i n g  l a r g e l y  m a d e  u p  o f  i n s e c t s  d i s t u r b e d  b y  c a t t l e  m o v e m e n t s .  
T h e  t i c k  A r g a s  ( P e r s i c a r g a s )  r o b e r t s i  H o o g s t r a a l ,  K a i s e r  &  K o h l s  c o m m o n l y  i n f e s t s  
h e r o n r i e s  i n  s o u t h e r n  A s i a  a n d  i n  p a r t s  o f  A u s t r a l i a ,  i n c l u d i n g  s o m e  i n h a b i t e d  b y  t h e  c a t t l e  
e g r e t  ( H o o g s t r a a l  e t  a l .  1 9 7 4 ) .  
T h i s  p a p e r  r e p o r t s  a  n e w  a r b o v i r u s  w h i c h  h a s  b e e n  i s o l a t e d  f r o m  A .  r o b e r t s i  c o l l e c t e d  
i n  a  b r e e d i n g  c o l o n y  o f  B .  i b i s  c o r o m a n d u s  w h i c h  w a s  e s t a b l i s h e d  i n  1 9 7 5  i n  s o u t h - e a s t  
Q u e e n s l a n d .  
M a t e r i a l s  a n d  M e t h o d s  
T h e  e g r e t  c o l o n y  f r o m  w h i c h  t h e  t i c k s  w e r e  c o l l e c t e d  i s  l o c a t e d  a t  l a t i t u d e  2 7 " 3 4 ' S . , l o n g i t u d e  
1 5 2  °  1 7 ' E .  i n  m e l a l e u c a  t r e e s  ( M e l a l e u c a  t a m a r a s c i n a ) ,  a t  t h e  e d g e  o f  a  s w a m p  f o r m e d  b y  t h e  i n s t a l l a t i o n  
o f a  s m a l l  f a r m  d a m  i n  1 9 7 5 .  T h e  t i c k s  w e r e  c o l l e c t e d  i n  J a n u a r y  1 9 8 1  f r o m  e g r e t  n e s t l i n g s  a n d  f r o m  
b e n e a t h  t h e  b a r k  o f  t h e  t r e e s ,  t h e  b r a n c h e s  o f  w h i c h  w e r e  u s e d  f o r  n e s t i n g .  T h e  t i c k s  w e r e  i n d i v i d u a l l y  
i d e n t i f i e d  a n d  w e r e  p r e p a r e d  f o r  v i r u s  i s o l a t i o n  i n  e i g h t  p o o l s  o f  1 0  a d u l t s  o r  n y m p h s .  E a c h  p o o l  
w a s  g r o u n d  i n  d i l u e n t  w h i c h  c o m p r i s e d  p h o s p h a t e - b u f f e r e d  s a l i n e  a t  p H  7 · 6 ,  w i t h  1 0 %  ( v / v )  f e t a l  
c a l f  s e r u m  a n d  1 0 0 0  u n i t s  o f  p e n i c i l l i n ,  1  m g  s t r e p t o m y c i n ,  1 0 0  u n i t s  o f  N y s t a t i n  p e r  m i l l i l i t r e .  T h e  
s u s p e n s i o n  w a s  c e n t r i f u g e d  a t  3 0 0 0  g  f o r  4 5  m i n  a t  4 ° C  t o  r e m o v e  t h e  l a r g e r  d e b r i s .  T h e  s u p e r n a t a n t  
t h e n  w a s  i n o c u l a t e d  i n t o  1 - 2 - d a y - o l d  m i c e  i n t r a c e r e b r a l l y  a t  a  d o s e  o f  0 · 0 2  m l ,  a n d  i n o c u l a t e d  a t  a  
d o s e  o f  O ·  1  m !  i n t o  B H K 2 l  t i s s u e  c u l t u r e  m o n o ! a y e r s  p r e p a r e d  a s  d e s c r i b e d  b y  F r e n c h  a n d  S t .  G e o r g e  
( 1 9 6 5 ) .  
0 0 0 4 - 9 4 1 7 / 8 4 / 0 3 0 0 8 5 $ 0 2 . 0 0  
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The brains of the suckling mice were subinoculated once if abnormalities or deaths were observed 
after 2 days and before 14 days and at 14 days if no abnormalities were observed then discarded if 
negative after a further 14 days. The tissue cultures were subinoculated at 7-day intervals or on the 
day that focal cytopathology was noticed. If no cytopathology was observed, the tissues were 
subinoculated a further four times. before being discarded. 
One agent isolated in mouse brain was selected and passaged intracerebrally in mice until a regular 
death pattern was established. Brain material from mice at the sixth passae was used to prepare a 
complement-fixing antigen by the method of Lennette and Schmidt (1964), and to produce a 
hyperimmune ascitic fluid in mice by weekly injections of infective brain plus sarcoma 180/TG 
(Sartorelli et al. 1966). Viral antigen was prepared by the method of Clarke and Casals (1958) and 
tested for haemagglutination of goose cells at a pH range of 6· 0-7 . 3 as described by Clarke and 
Casals (1958). . 
A cytopathic agent, isolated in tissue cultures and designated CSIRO 704, was used as an antigen 
in a microneutralization test using Vero (African Green Monkey Kidney) cells by the method described 
by Cybinski et at. (1978). 
Sera, obtained by venipuncture of nestling or adult egrets from the same colony, were tested for 
neutralizing antibodies by this method. 
The Jollowing physical characteristics ofCSIRO 704 virus were determined. Ether and chloroform 
sensitivity tests were carried out as described by Cybinski and St. George (1982) using Ross river 
virus and Reovirus type 2 for comparison. The type of nucleic acid was determined by the method 
of Whitney et at. (1969), using bovid herpesvirus 2 as a known DNA control. The virus was prepared 
as described in Cybinski et al. (1980), negatively stained with phosphotungstic acid (pH 6·0) and 
examined in a Philips 200 electron microscope. 
Results 
Each of the eight pools yielded an infectious agent on first passage in mice between 10 
and 14 days. The time required for mice to die did not reduce markedly on passage of 
infected brain material. One of these agents inoculated into mice produced death or 
paralysis in successive litters at mean times of 10, 13, 10, 11, 11 and 10 days in successive 
passages. 
Table 1. Some physical characteristics of CSIRO 704 virus 
Characteristic Result Characteristic Result 
Nucleic acid RNA Titres before and after 
Size by filtration 50-100 nm treatment with 
Size by electron microscopy 65-75 nm 20% (v/v) diethyl etherA 1()4·S and 103 . 0 
Symmetry Icosohedral Titres before and after 
Haemagglutination of treatment with 
goose cells, pH 6·0-7 . 3 Negative 10% (v/v) chloroformA 
A As controls used at the same time, Ross. river virus was sensitive to this treatment and Reovirus type 2 was 
resistant. 
In all, seven strains of virus were isolated in tissue cultures, two on the second passage, 
two on the third and three on the fourth passage. The tissue culture strains were easily 
adapted to mice. One strain isolated in tissue culture was selected as the type strain, CSIRO 
704. It was used to prepare a complement-fixing antigen, a mouse ascitic fluid, and an 
antiserum in rabbits. All virus strains were found to be neutralized by the antisera prepared 
against CSIRO 704. Further characterization was carried out only on CSIRO 704. This 
strain was easily adapted to mice by intracerebral injection and produced a similar death 
pattern to the strains isolated directly in mice. 
Some physical characteristics were determined and are listed in Table 1. Fig. 1 shows 
electron-micrographs of the virus. 
N e w  A r b o v i r u s  f r o m  A r g a s  r o b e r t s i  
8 7  
T h e  C S I R O  7 0 4  v i r u s  w a s  n e g a t i v e  i n  i n d i r e c t  i m m u n o f l u o r e s c e n c e  t e s t s  t o  b o v i n e  
e p h e m e r a l  f e v e r ,  b l u e t o n g u e ,  e p i z o o t i c  h a e m o r r h a g i c  d i s e a s e  o f  d e e r  a n d  P a l y a m  g r o u p  
v i r u s e s ,  a n d  i n  n e u t r a l i z a t i o n  t e s t s  t o  A k a b a n e ,  A i n o ,  D o u g l a s ,  P e a t o n  a n d  T i n a r o o ,  K a o  
S h a u n ,  T i b r o g a r g a n ,  E u b e n a n g e e ,  b l u e t o n g u e  a n d  I b a r a k i  v i r u s e s ,  b u t  p o s i t i v e  i n  
h o m o l o g o u s  t e s t s .  
F i g .  1 .  E l e c t o n  m i c r o g r a p h s  o f  C S I R O  7 0 4  v i r u s  n e g a t i v e l y  s t a i n e d  w i t h  p h o s p h o t u n g s t i c  
a c i d ,  p H  6 ·  O .  S c a l e  =  1 0 0  n m .  
F u r t h e r  i d e n t i f i c a t i o n  b y  s e r o l o g y  w a s  a t t e m p t e d  a t  t h e  W o r l d  H e a l t h  O r g a n i z a t i o n  
W o r l d  R e f e r e n c e  C e n t r e  f o r  A r b o v i r u s e s ,  a t  Y a l e  U n i v e r s i t y .  T h e  v i r u s  w a s  p o s i t i v e  i n  
h o m o l o g o u s  t e s t s  b u t  n e g a t i v e  i n  c o m p l e m e n t - f i x a t i o n  t e s t s  w i t h  a  w i d e  r a n g e  o f  p o l y v a l e n t  
g r o u p s ,  a n d  i n d i v i d u a l  a s c i t i c  f l u i d s  o r  a n t i s e r a  a n d  a n  a n t i s e r u m  p r e p a r e d  a g a i n s t  C S I R O  
7 0 4  w a s  n e g a t i v e  t o  a  s m a l l e r  r a n g e  o f  a n t i g e n s .  
T h e  a n t i s e r a  i n c l u d e d  2 9  p o l y v a l e n t  o r  g r o u p i n g  f l u i d s ,  2 5  A l p h a v i r u s e s ,  4  F l a v i v i r u s e s ,  
4 2  B u n y a v i r i d a e ,  5 1  R e o v i r i d a e ,  3 5  R h a b d o v i r i d a e  a n d  2 6  m i s c e l l a n e o u s  a n d  u n c l a s s i f i e d  
v i r u s e s .  T h e  a n t i g e n s  u s e d  w e r e  5  A l p h a v i r u s e s ,  5  F l a v i v i r u s e s ,  1 3  B u n y a v i r u s e s ,  7  
R e o v i r i d a e ,  2 6  R h a b d o v i r i d a e  a n d  1 7  m i s c e l l a n e o u s  a n d  u n c l a s s i f i e d  v i r u s e s .  A  d e t a i l e d  
l i s t  h a s  b e e n  l o d g e d  a s  A c c e s s o r y  P u b l i c a t i o n  w i t h  t h e  S u b c o m m i t t e e  o n  E v a l u a t i o n  o f  
A r t h r o p o d - b o r n e  S t a t u s ,  o f  t h e  A m e r i c a n  C o m m i t t e e  o n  A r t h r o p o d - b o r n e  V i r u s e s ,  P . O .  
B o x  3 3 3 3 ,  N e w  H a v e n ,  C o n n e c t i c u t  0 6 5 1 0 ,  U . S . A .  
T h e  e x t e n s i v e  n e g a t i v e  r e s u l t s ,  w i t h  r e a g e n t s  p o s i t i v e  i n  h o m o l o g o u s  t e s t i n g ,  i n d i c a t e  
t h a t  C S I R O  7 0 4  d i f f e r s  f r o m  t h e  k n o w n  t i c k - b o r n e  a n d  o t h e r  v i r u s e s  i n  t h e  W H O  c o l l e c t i o n  
a n d  a p p e a r s  t o  b e  a  n e w  v i r u s .  
N e u t r a l i z i n g  a n t i b o d i e s  w e r e . f o u n d  i n  e i g h t  o u t  o f  e i g h t  e g r e t  s e r a  c o l l e c t e d  i n  J a n u a r y  
1 9 8 1 , 2 1  o u t  o f  2 9  c o l l e c t e d  i n  J a n u a r y  1 9 8 2 ,  a l l  f r o m  t h e  s a m e  c o l o n y .  N o  a n t i b o d i e s  
w e r e  f o u n d  i n  1 6  k a n g a r o o s  a n d  w a l l a b i e s ,  1  d o g ,  2 0 0  c a t t l e  f r o m  t h e  s a m e  g e n e r a l  a r e a ,  
o r  7 2  h u m a n s .  
D i s c u s s i o n  
H o m o l o g o u s  n e u t r a l i z a t i o n  t e s t s  a n d  c o m p l e m e n t - f i x a t i o n  t e s t s  g a v e  s a t i s f a c t o r y  p o s i t i v e  
r e s u l t s .  H o w e v e r ,  a  r e l a t i o n s h i p  w a s  n o t  d e m o n s t r a t e d  w i t h  a n y  o f  t h e  v i r u s e s  h e l d  i n  t h e  
r e f e r e n c e  l a b o r a t o r y .  T h i s  m e a n s  t h a t  f u t u r e  s t u d i e s  w i l l  b e  n e c e s s a r y  t o  c o m p a r e  t h i s  v i r u s  
w i t h  o t h e r  n e w  v i r u s e s  a s  t h e y  b e c o m e  a v a i l a b l e .  I t  i s  l i k e l y  t h a t  a n t i g e n i c  r e l a t i v e s  d o  
o c c u r  i n  n a t u r e  t h o u g h  n o t  y e t  i s o l a t e d .  
88 T. D. St. George et al. 
There is evidence from the neutralization tests to demonstrate that CSIRO 704 virus 
infects egrets. Larval, nymphal and adult stages of the tick A. robertsi have been observed 
to feed on egrets both in nature and experimentally. Thus there is opportunity for the tick 
to infect and be infected from birds in the Lake Clarendon colony. A wider serological 
survey has yet to be carried out to determine whether infection with CSIRO 704 virus 
occurs in more recently established egret colonies not yet infested with A. robertsi. The 
effect of the virus on the health of the bird is quite unknown. 
Two other viruses have been isolated from closely related cattle egrets and ticks 
associated with them. In South Africa, Quaranfil virus has been isolated, once from B. 
ibis and 14 times from associated ticks (which were described as A. walkerae) and 
Nyamanini virus four times from B. ibis and 14 times from the same species of tick (Jupp 
and McIntosh 1981). However, recent personal communications from B. M. McIntosh 
and H. Hoogstraal, NAMRU-3, Cairo, Egypt, stated that the tick identified as A. walkerae 
has been amended to A. arboreus. In Egypt, two strains of Nyamanini virus were isolated 
from ticks of the species A. arboreus associated with nesting sites of B. ibis and from a 
B. ibis nestling. Six strains of Quaranfil virus were isolated from A. arboreus and four 
from B. ibis nestlings (Taylor et al. 1966). The virus, CSIRO 704, did not react with reagents 
prepared against Quaranfil and Nyamanini viruses so is certainly not one of the viruses 
previously known to be carried by Argas species infesting cattle egrets. 
The present evidence is that the virus CSIRO 704 cannot be grouped with known 
arboviruses. The common name Lake Clarendon virus is proposed for this virus after the 
locality where the ticks were collected. 
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B I R D  T I CKS  AND  ARBOV I RU S E S  I N  A U STRAL I A  
BY 
D .H .  KEMP, T .D .  ST .GEORGE and N .  McKILLIGAN 
This paper was prepared by me with i nformation bei ng suppl i ed by my co­
authors . Mr . St .George provi ded the i nformation on vi rus i solati ons and 
Mr . McKi 1 1  i gan the i nformati on on the egret co 1 ony . I presented the 
paper to the 3rd Austra l i an Arbov i rus Sympos i um .  
. . . . . U./s .�f: . . . . .  . 
Date :  ! t · · · .  
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Additi onal Comments : 
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B I R D  TI CKS A N D  A R BO V ! R USES I N  A UST R A L I A  
D. H .  K ntP, T .  D .  S T .  GEO R G E  a n d  N .  M c K ! L LIGx...; * 
C S I R O , D i vi s i o n _ o f  Tr op i c a l  An i ma l  Sc i e n c e , Lo n g  Poc ket La bo r a t o r i-e s , 
P . B . No .  3 ,  P . O . , I n do o r o o p i l l y ,  Br i s b a n e , Q ue e n s l a n d , Jl.u s t r a 1 i a  40 6 8 . 
Va r i o u s a r bo v i r u s e s  o f  me di c a l  a n d  vet e r i n a ry i lilp o r t a n ce i n  A u s t r a l i a  a r e  
t r a n s mi t t e d by r10 s q u i t oe s  a n d C u l i c o i de s . Ti c k s a r e  n o t  kn o wn t o  t r a n s mi t o r  
* Da r l i n g  D o vm s  I n s t i t u t e  o f  Ad v a n c e d  E d u c .::t i o n ,  Too v;oo r ;ib a ,  Quee n s l a n d , 
Aus t r a l i a  4 3 5 0 . 
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mai nt �i n  �hese i _nsect _vi r use_s and  t ick  arbovi r uses themsel ·1es have not yet 
been 1_mpl 1 cated 1 n  ser 1 o us d � seases . of man or domestic ani mal s .  Their study i s  st 1 l l  at the �t age of d1 scove n n g  what vi ruses are present , what the i r  
potenti al danger l S  a n d  what possi bi l i ty there i s  of t i ck vi r uses caus i n g  
seri ous di sease enter i n g  t h e  country. 
In thi s  paper , we report the i sol at i on of two new t i ck borne vi ruses and 
rai se . again the i nterest i n� questi on o_f mi grati ng  bi r ds as a route of �ntry 
for t1 cks and arbov1 r uses 1 nto Austra l 1 a  and its  vari ous i s lands . The top i c  
i s  most conveni ently i ntroduced by descr i bi ng the three di fferent bi rd-t i c k ­
arbovirus habitats known s o  f a r  from Austral i a .  Bri efl y ,  these a r e  broadl y ;  
heron �nd blac�-necked _stork rookenes 1 n fested w1th Argas {Persicargas ) 
roberts1 ; sea b1 rd  colon1es  on coral cays and i s l ands i n fested with orn l tho­
-aorosTAlectorobi us) capens is and sea bi r d  col ani es on the s ubantarct 1 c 
"Ma"CqUar�e sted wi th Ixodes {Cerati xodes) ur i ae .  A more disparate 
group of t i c ks and hosts could hardly be found. --
The distri but i on of l abour i n  these st udies was : - {i ) i s o l at ion and 
parti al i denti fi cati on of vi ruses by Toby St . Geor ge and h i s  col l eagues at 
CSIRO; { i i )  group i dent i fi cati on by Dr . R . L .  Doherty and col leagues at 
Queensl and Instit ute of f'edi cal Research (Q IMR) and final  i dent i fi cation by 
Drs .  A.J. Mai n ,  A. Bresci a and J. Casal s ,  at the Yale Arbovi rus Research 
Uni t .  We are grateful to  these two l aboratori es for the i r  i nterest and 
col l aborat i o n .  Ne i l  McKi l l i gan at the Dar l i n g  Downs Institute o f  Advanced 
Educati on is maki ng  an extensi ve study of a cattle egret col ony from whi ch the 
most recent i solati ons have been made . The t i ck i dent i fi cations have been 
made by myse l f  at CSIRO with reference to F . H . S .  Roberts ' col l ection of 
Austral i an ti cks . We are a l so grateful to Dr . Harry Hoogstraal for checki n g  
the i dentity some of the ti cks a n d  for h i s  stimul us t o  the study o f  t i ck-borne 
crbovi ruses . The t i c k  col lectors are acknowledged at the appropri ate place i n  
the text. 
lleron and Bl ack-necked Stork Rookeries  Infested with f.r gas J.!'..:.l robertsi 
Argas ( P . )  robertsi were col l ected at a cattle egret ( Bubulcus i bi s  o r  i n  
Austrii"ll"a AraeolaT!lfST rookery 100 km ""st of Bri s bane \laETIUdezT•31 ' S ,  
l ongitude 152"2fl )-:----Many t i c ks were found under the l oose bark o f  Me l a l e uc a  
tamarasci na trees in whi ch the bi rds •ere nest i n g ,  but , dur i n g  the n1 ght the 
t1cks could be seen c l i mbi n g  up to the nests and a few adults and nymphs coul d 
be photographed on the bi rds . These ol de r  stages of the t i c k  feed rap i dl y  and 
soon leave the bi r ds to  descend the trees and oviposit or moult .  It is  di ffi ­
cult therefore to esti mate how many t i cks feed on a chi c k  i n  one n i ght . The 
l arvae on t he other hand,  feed s l owly probably taki ng three �ays to engorge , 
and some young chicks  had over 100 lar-vae attached under the Wl n g ,  on the n�c k  
and a few e l sewhere on the body. I t  seems reasonable that bi r ds heav1 ly 
infested wi t h  l arvae were also exposed to greater attack by t ick  adults • . Nei l 
McKi l l i gan has found a. hi gher mortal i ty i n  ti ck i n feste� chicks � espec1 a l l y  
chi cks 2-9 days o l d  a n d  t h i s  coul d b e  due t o  exsangU1 nat 1 cn , tox1 c effect o f  
ticks , t i ck-borne arbovi rus , o r  other d1 sease . 
In January 1981 , t i cks •ere col l ecte d ,  di vi ded i nto pool s of_ 5-12 depend­
ing on mi crohabitat ori gi n and were processed for v1 rus 1 solat 1 0n_ by l ntra­
cerebral  i nocul ati on of one  day o l d  m1 ce and  baby hamster k1 dney t1ssue cu lt­
ures some fema le t i c ks were kept for ovipos it i on and  the emerg 1ng  l arv�e 
checked for transovari al transmi s s i on of vi r us .  B_l ood from a few young ch1 c<S  
was a l so t a ke n .  A vi r us was  i n i t i a l l y  i sol ated 1n m1ce from e1 ght pools 
and 
also a fter one or two bl i n d  passages i n . BHK ti
ssue cult ures . S1nce 1n 1t 1 a l  
checks i ndi c ated that only one v i r us spec1es was present the l SOl ate
 CSIRO 704 
was CO<l?ared wi th other arbovi r uses hel d  at Long Pocket La�oratones c\��� ���t 
to Q IMR and Yale for compari son wi th other arbov1 r use s .  T 
e v1 rus , • 
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is presently a new ungrouped virus (A.J. Main, Yale). Both adult and nymphal 
ticks were infected but subsequently 1 aboratory reared 1 arvae were negative. 
Presumably, transovarial transmission did not occur in these ticks. Each of 
eight of nestling chick bloods were negative for virus, but all had neutral­
ising antibodies to CSIRO 704 virus (D.H. Cybinski). Arbovirus infection of 
egret chicks thus occurs but a causative relationship to disease has not been 
established. • 
Can any conclusions be made concerning the disemination of this tick and 
its arboviruses in Australia? A. Jf..J_ robertsi is fotlnd in Sri Lanka, India, 
Thailand, Indonesia, Taiwan ana1 n Australia near Darwin - but it is not 
recorded further south except in south-east Queensland and northern New South 
Wales. 
The arboviruses from A. (P�) robertsi are also widely distributed, Kao 
Shuan in Taiwan, Java andAustraTia, Pathum Thani and Nyaminini in Sri Lanka 
and Thailand (Hoogstraal et al. , 1975). It is tempting to attribute the wide 
distribution of this tiCI<an<f its viruses in Asia and Australia, to the 
migratory or dispersal habits of some of the birds \'/hich the tick infests and 
their contact locally with more sedentary birds and with domestic chickens. 
The i solation of a new vir us from the catt 1 e egret rookery at Ga�ton does 
not apparently fall 1nto this pattern. A possible explanation is that the 
cattle egrets were introduced to Austra 1 i a from India around 1933 and so far 
no attempts have been made to isolate arboviruses from bird tick populations 
there {Hoogstraal et al., 1975). However Serventy and �Jhittell (1976) believe 
the cattle egret-tobe a natural immigrant from Indonesia and the 
introductions from India played no part at all in the species spread across 
Australia. Another alternative is that there has not yet been tirre for the 
arrival of ticks carrying other viruses. The Gatton colony is recently 
established, sometime after 1974, when a dam was built at the site. Continued 
sampling at Gatton and other accessible colonies would provide an excellent 
opportunity for studying the spread of viruses and ticks. 
Sea Bird Colonies on Macquarie �infested with Ixodes (Ceratixodes) 'uriae 
The habitat on Macquarie is. where ticks have been found has been 
described by Murray and Vestjens (1967). Although several species of bird can 
be infested the greatest numbers of ticks are carried by Royal Penguins, 
partly because they have large fixed colonies and partly because tussocks of 
grass and sma 11 rock stacks in or around the colony provide drier conditions 
necessary for ticks to breed. Our ticks were collected in 1972 by Dr. G.W. 
Johnstone of the Antarctic Division {A. N.A.R.E. ) and later (1975-1976) by N.P. 
Brothers of the National Parks and rJildlife Service, Tasmania and or. 1. 
Morgan, Dr. Bryden and Dr • . Griffith. Very large numbers of ticks were 
diligently collected from the habitat of Royal Penguin (Eudyptes schlegeli) 
col ani es and from the birds themse 1 ves. somevJhat fewer from King { Aptenodytes 
patagonica) and Rocknopper penguins {Eudyptes chrysocome) and occasional ticks 
from cormorants and albatrosses. 
All ticks were Ixodes (C.) uri a�. None were co 11 ected from nests of the 
Dove pri on ( Pachypt i 1 a desOTata ) which harbours the only other tick on the 
is 1 and Ixodes pterodromae (now recognised as a synonym of Ixodes ker gue 1 en_ 
. ensis) (Murray and Vestjens, 1967). 
Ticks ¥Jere processed as already described and the virus strain 
(CSIR0-122) identified at Yale as a ne\'/ flavivirus closely related to the 
tick-borne flaviviruses (A. Brescia and J. Casals). No information is avail­
c;ble on in fectivi ty for man. Th'= tick is not particularly fond of man but 
\·lill occasionally bite him (Doherty et -�' 1975). 
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The i so l a.t i on of a fl avi vi rus in I xodes (C. ) ur i ae in s ub-Antarct i ca confi rms �he �1 ew expr�ssed . by Pr?fessor �vov---Ynatailan,\logous situat i on shoul d ex1st 1 n  the vuus 1 n fect 1 0ns of th i s  t ick  i n  its sub-Arct i c  and sub­Antarctic di str i but i on .  Th�s rel ated vi r us of three groups ,  F1 avivi rus grou;� , Kemerovo group , and Sakhal i n  group arbovi r uses have no« been i so l ated from both the northern and southern popul ati ons of I xodes (C . )  uri ae (see a l so Hoogstraal , 1973 ;  Yunker , 1975 ) .  The t;;o pop u l at 1 0ns of tliTS t1C1<"are di scon ­
t i n uous in the equator i a l  regi ons.  This  further s upports one explanation gi ven by Doherty et a l . (1975) for th i s  biogeograph ical l y  interesting situ­
ati on .  That i s ,  tne Tritroduction of i n fected t icks by .sea birds to new areas and new bi rd  hosts fol l o•�ed by a long peri od of i so l at i on l eadi n g  to selecti on of anti gen i cal l y  disti nct v i r use� �Flod of ! Solation has apparently 
been suffi c i ent for changes in  vi r us ant i geni city , but not for detectable 
changes in t i ck morphol ogy. D i scuss ion in deta i l  can be found in Doherty et � {1975) .  -
Sea Bird Col onies  on Coral Cays and Is l ands i n fested with 1Fnlfli0ifo� capeiiSls -- -- --- ----
Three arbovi r uses have been i sol ated from Orni thodoros � capensi s  from 
sea birds and the i r  nests on the Great Barrier Reef. These are�u and 
Johnston Atol l (Doherty et al . ,  1969) and Sauma r e z  Reef (St . George et al . ,  
1977 ) .  Thei r ant i gen ic  "i'el atlonship wi th other arbovi ruses of the nortne"i':n 
hemisphere i s  di scussed i n  these papers . The opportunity for col l ect ing  ti cks 
from the Barr i er Reef occurred with a recent tour by :1r . Ma l colm Tuton , who 
col lected ti cks from Cato Is l and and Wreck Reef ,  mostl y  from Fri gate Birds 
(�regaif sp . )  and from nests . A total of 254 male s , 157 females and 6 nymphs 
o Am yomma l ocu l os um were processed , and 1 mal e of Ornithodoros � 
capens1 s .  No v1 ruses were i sol ated. Amblyomma l ocul osu:n paras l t l ses numerous 
spec1es of sea bi rds on trop i cal i s l ands 1 n  the Indi an and Paci fi c Ocean and 
the Great Barri er Reef and it attaches to man {Hoogstraal et al . ,  1976) . It 
is presumabl y di stri buted by mi gration of its bird hosts , ancfli'as been found 
on a fri gate bird on the shores of continental Afr i ca {Ui l enberg ,  1977 ) . 
Ari de virus , an ungrouped arbovi r us ,  has been i so lated from this t ic k  
{Converse et  al . ,  1976 ) . Orn i thodoros � capens i s  is  a prol i fi c  source of 
tick  arbov1ruses and has also a w1<le geogr�di stri bution on  tropi cal 
i s l ands i n  the Indi an Pac i fi c  and Atl antic  Ocean s ,  a n d  rather s urprisingly it 
i s  wel l  establ i shed 'i n  bird rookeries on l a kes i n  the Afri can ri ft val ley 
(Hoogstraal and Kai ser , 197 6 ) .  
Concl usions 
An obvi ous concl us ion on t i ck-borne arbovi ruses in Austral i a  is that they 
occur in t i c ks and bi rd hosts whi ch are widespread outsi de Austral i a .  None 
have yet been i sol ated from t i ck specie s  whi c h  occur on l y  in Austral i a .  The 
di stri buti on of the t i cks concerned 1s such that they make contact w1th con­
ti nental Afr i ca ,  south East As i a  and poss i bl y  on some occasions , ev.en with the 
USSR, Europe and North Amer ica .  It has been l mp l led that m1 grat 1 ng or . 
d i s­
persing bi rd  hosts of the  t i c ks have spread the  t 1 cks and  arbov:ruses w1 del y  
and i n  so11'12 cases possi bly conti nue tg ma1 nt a 1 n  contact between JSolated t J C k  
popul at ion s  with i n  a n d  outs ide Austra l J a . Confumat 1 on for soil'" of these 
suggestions requires further studi es . 
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DIAGNOSIS OF BOVINE VIBRIOSIS 
Part 2-Indirect Haemagglutination Using Tanned Sheep Erythrocytes 
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and T. D. ST. GEORGE, B.V.Sc. 
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Introduction 
The vaginal mucus bacterial agglutination 
(VMA) test is a standard laboratory procedure 
for the diagnosis of bovine vibriosis, but the test 
fails to detect a proportion of known infected 
animals (Newsam 1960). This paper describes 
the development of an indirect haemagglutination 
(IH) test, which may be used as an alternative 
to the VMA test for the detection of specific anti- 
body in vaginal mucus. In the test, tannic acid 
treated erythrocytes are sensitised with an ex- 
tract containing protein prepared from Vibrio 
fetus (venerealis) by a modification of Gallut's 
(1952) method. Gallut showed that strains of 
V .  fetus probably possess a common antigen, 
which is phenol soluble and protein in nature. 
Materials and Methods 
Prrparation of the Sensitising Fluid 
Cultures of a strain of V .  fetus (venereal is)  desig- 
nated 1980 were grown in peptone broth (Laing 1960) 
enriched by 5 %  (v /v )  defibrinated ox-blood; after 
three days' incubation they were seeded on to ox- 
blood agar dispensed in 158 Roux flasks. The ox- 
blood agar (Laing 1960) was modified to contain 
2.5'/u powdered New Zealand agar. The flasks were 
stacked, media face downwards, into two 44-gallon 
oil drums with close-fitting lids which were then 
sealed; 755'0 of the atmosphere was withdrawn and 
replaced with nitrogen and the cultures were incubated 
for four days at 37°C. Before harvesting the cells, 
water of condensation and residual broth inoculum 
were discarded. Growth was harvested by adding 20-25 
ml of physiological saline to the surface of the medium 
and rocking individual flasks gently. The cell suspen- 
sion from each flask was examined for purity and 
morphology, filtered through 8 thicknesses of sterile 
gauze, dispensed in litre amounts in 5-litre Florence 
flasks and cooled to  4°C. Three volumes of acetone 
(AR)  at -20°C were vigorously stirred into each 
fiask. After 18 hr at 4°C the precipitated cells were 
collected on a Whatman No. 50. 1 1  cm filter circle 
using a Buchner funnel and washed with three changes 
of acetone at  -2O"C, taking care not to allow the 
deposit to dry until the final change. The deposit 
was further dried, on the filter paper, in an evacuated 
desiccator over paraffin wax chips and silica gel. All 
work to this stage was carried out at  4°C. When 
*Present address: I 'rterinary Inst i tute  for Tropical and  
High Altitude Research. Apartado. 44811. I.ima. Peru. 
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dry, the cells were ground to a fine powder and 60 ml 
of 95% phenol was added to each 1.6 g of powder in 
75 ml ground glass stoppered test tubes. The tubes were 
regularly inverted a t  37°C for 24  hr  by attachment 
to the spokes of a wheel rotating in a vertical plane. 
The preparation was then centrifuged a t  30°C and 
the deposit discarded. Two volumes of absolute ethanol 
at  room temperature were added to 1 volume of the 
supernatant fluid and the resultant floccular precipitate 
collected by centrifugation and washed three times 
with absolute ethanol and once with acetone, all at  
room temperature. The deposit was vacuum dried in 
glass beakers over paraffin wax chips and silica gel 
at 4°C. When dry it was mixed thoroughly with 200 
ml of glass-distilled water, centrifuged to remove in- 
soluble particles, and the protein content of the super- 
natant estimated by the method of Warburg and 
Christian (Layne 1957). The solution was brought to 
pH 5 with normal HCI and approximately 130 g 
( N H 4 ) S 0 4  added to form a supersaturated solution. 
The preparation was held overnight at 4°C and then 
filtered through Whatman No. 1 paper. The precipitate 
was washed off the paper with 200 ml glass-distilled 
water. After centrifuging to remove insoluble particles, 
the solution was dialysed against twice-daily changes 
of physiological saline until no precipitate formed 
when the saline was tested with a saturated solution 
of BaClz. The protein content was again estimated and 
the extract dispensed in volumes containing 12 mg 
protein for storage at -20°C. Estimates of the carbo- 
hydrate content as galactose and glucose were also 
made a t  this time by the method of Trevelyan and 
Harrison (1952). 
Preparntion o! Phosphate Ruffer  Solirtions 
Phosphate buffer solutions (0.15 M )  at pH 6.4 and 
pH 7.2 were prepared and added to equal volumes of 
physiological saline to give phosphate buffered saline 
(PBS). 
Tanning of Sheep Erythrocytes 
Boyden's (1951) method of tanning sheep erythro- 
cytes was used. Titrations showed that the optimal 
concentration of tannic acid* for use in the system 
was 1:20,000. Sheep blood was collected in Alsever's 
solution modified according to Bukantz er al (1946). 
and stored at 4°C until required. Cells were used within 
10 days of collection. The sheep cells were washed 
three times with pH 7.2 PBS and finallv centrifuged 
for 5 min at 1500 g.  A 2.5% (v /v )  suspension of the 
washed packed cells (washed cells) was prepared in 
pH 7.2 PBS. A I in 20,000 tannic acid solution was 
prepared immediately bcfore USC. Equal volumes of 
*Laboratory grade. I3ritish I>rua Houses. 
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washed cells and 1:20,000 tannic acid solution were 
mixed thoroughly and allowed to stand at bench temp- 
erature for 10 min. Then the cells were washed once 
in pH 7.2 PBS, centrifuged, and physiological saline 
added to re-establish a 2.5% (v/v)  suspension (tanned 
cells). 
Srnsitisation of Cells 
Boyden's (1951) method of sensitising tanned cells 
was used with minor modifications. The optimal con- 
centration of protein for sensitising tanned cells was 
titrated and found to be 500 fig of protein per ml of 
tanned cells. This concentration was used throughout. 
A small volume of sensitising fluid containing 12 mg 
protein was thawed rapidly and made up  to 96 ml 
by adding pH 6.4 PBS. One volume of the tanned 
cells (24 ml) was added to four volumes of the dil- 
uted sensitising fluid (96 ml), mixed thoroughly and 
allowed to stand at room temperature for 15 min. 
After sensitisation, cell preparations were washed 
once with a 1:250 (v/v)  dilution of normal rabbit 
serum in pH 7.2 PBS prepared as described below 
and then resuspended to 2.5% (v/v)  in more of the 
same diluent. 
Preparation of Dilrrcrit cotttriitzing Normal 
Rabbit Srrion 
Normal rabbits were bled and the serum stored 
at -20°C. Each new batch of normal rabbit serum 
( N R S )  was tested for its ability t o  prevent agglutina- 
tion of sensitised, tanned sheep erythrocytes; 1 :lo0 
(v/v)  dilutions of serums in pH 7.2 PBS were inac- 
tivated at 56°C for 30 min and absorbed with approxi- 
mately 1 %  (v /v )  of washed sheep erythrocytes for 
30 min at 37°C. Then 0.04 ml of a 2.5% (v/v)  sus- 
pension of sensitised tanned sheep erythrocytes (sen- 
sitised, tanned cells) suspended in 1:250 dilution of 
NRS previously tested and found to be satisfactory 
was added to  0.5 ml of the dilute serum under test, 
and the preparation allowed to stand at  room tem- 
perature for 1.5 to 3 hr. NRS was discarded when it 
failed, at a dilution of 1:100, to prevent agglutination 
of sensitised tanned cells. On the day of test, suffi- 
cicnt NRS diluted 1:10 with oH 7.2 PBS was inactiv- 
ated and absorbed as described above. Dilutions of 
NRS at 1 : l O O  and 1:250 were then made with pH 
7.2 PBS. 
f'rrpcrration of (I Staritlord Srriirii 
A donkey that had no detectable serum antibody 
against V .  f e t i t s  was iniected with formalin-killed cul- 
tures of V .  fcrrt.7 strain 1980. Five injections of 5 ml 
of antigen adjusted to a density twice that of Wellcome 
opacity tube* 10 were given intravenously a t  intervals 
during a period of 12 days. A large quantity of serum 
with a titre of 1:2560 was collected five days after 
the last injection and aliquots preserved for use as a 
standard serum. 
Collection and Extraction of Mucus Samples 
Vaginal mucus was collected at weekly intervals by 
suction, using glass pipettes mcasuring 40 x 1 cm, 
from 86 virein heifers. Approximately four parts, by 
volume, of physiological saline were added to each 
mucus sample and the preparations held at  4°C for 
18-66 hr. Supernatant saline was then removed from 
each sample, diluted with an equal volume of pH 
7.2 PRS and frozen at -20°C until tested. For the 
purpose of recording results it  was considered that the 
'Burruushs W~al l c ( i i i i r  & C o . .  Ir~nclon. 
extract, thus prepared, represented a 1 : l O  dilution of 
vaginal mucus. 
Vaginal mucus samples were collected a t  regular 
intervals from 43 heifers which, at mating, had been 
infected experimentally with a field strain of V. fetus 
f venercdis j designated B6. Collections were made 
from mating to calving and a total of 1249 mucus 
samples were obtained. In addition, samples were col- 
lected daily for at least 50 days from five heifers 
known to be excreting the organism in order t o  deter- 
mine if oestrus was associated with fluctuations in 
titre. These mucus samples were treated by the method 
described for those from virgin heifers except that  
three volumes of pH 7.2 PBS were added before 
storage. These extracts, therefore, represented a 1:20 
dilution of vaginal mucus. 
The Test using Sensitised Tanned Cells 
The tests were carried out in agglutination tubes 
of approximatelv 9 mm internal diameter with hemi- 
spherical bottoms. Prior t o  testing, the standard serum 
was diluted 1:lO with pH 7.2 PBS, inactivated a t  56°C 
for 30 min and absorbed with 1 %  (v/v)  of washed 
sheep erythrocytes for a similar time at  37°C. The 
1:lO and 1:20 dilutions of vaginal mucus were neither 
inactivated nor absorbed. Doublina dilutions of the 
standard serum beginning at  1:20, and of vaginal 
mucus beginning at 1:20 for virgin heifers and a t  
1:40 for animals exposed to  infection were made in 
1:100 NRS in 0.5 ml amounts. 
To each 0.5 ml of diluted serum or mucus was 
added 0.04 ml of sensitised tanned cells ( 2  drops 
from a 20 gauge hypodermic needle, point removed), 
the agglutination tubes were thoroughly shaken t o  
ensure even dispersion of the red cells and the test 
allowed to stand at room temperature, which varied 
from 22°C to 30°C. Depending on the rate of sedi- 
mentation of cells, the tests were read 1.5 to 3 hr 
after preparation. Reading was carried out easily and 
rapidly by placing the agglutination tubes over a mirror 
and under a source of evenly distributed light. An 
even layer of cells over the bottom of the tube was 
scored positive (+); when this layer of cells was 
circumscribed by a fine ring or included a more de- 
finite but broken ring, the scoring was suspicious (k); 
negative reactions (-) were recorded for those tubes 
with a well-formed ring of red cells. Typical reactions 
are shown in Figure 1 .  In some samples the positive 
reaction appeared quickly, and at  time of reading the 
outer edges of the layer of red cells were folded 
in towards the centre of the agglutination tube. The 
titre of the serum or mucus was recorded as the high- 
est dilution to give a positive reaction. 
Three separate sets of control tubes were included 
with each day's test to detect respectively non-specific 
haemagglutination of washed cells, tanned cells, and 
sensitised tanned cells, by 1:lOO NRS. In the case of 
each cell preparation, 0.04 ml amounts were added to 
tubes containing 0.5 ml of 1:lOO NRS. For each 
sample of serum or mucus, duplicates of the three 
lowest dilutions in 0.5 ml amounts were tested for 
evidence of non-specific haemagglutination by adding 
0.04 ml of tanned cells. Each vaginal mucus sample 
was tested once only; tests were carried out weekly 
over a period of nine months and a test of the standard 
serum was always included in order to detect any 
variation in the sensitivity of the test. 
Remilts 
Examination of organisms at harvesting showed 
a high proportion of short to medium forms with 
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FIGURE 1 








Four different mucus samples. 
Tubes 1-3: sensitised tanned CellS in mucus sample dilutions 1:40 t o  1:160. 
Tubes 4-6: tanned Cells in mucus sample dilutions 1:40 t o  1:160. 





sensitised tanned cells in 
tanned cells in 1.100 NRS. 
1:100 NRS. 
occasional long chains of cells; there were no 
spheroplasts. In a typical example of the method 
of preparing sensitising fluid a total of 4,600 ml 
of cell suspension from 158 Roux flasks yielded 
10.3 g of acetone-dried cells. The phenol-soluble 
fraction precipitated by the absolute ethanol had 
a dry weight of 3.7 g and when this was dissolved 
in 200 ml distilled water the protein content was 
estimated to be 4 mg/ml with a nucleic acid 
content of 4%. After precipitation with 
(NH,),SO, and subsequent dialysis the total yield 
of sensitising fluid was 215 ml with a protein 
content of 3.37 mg/ml and a nucleic acid con- 
tent of 2.5%; the carbohydrate content was 
equivalent to 210 pg/ml measured as galactose 
and 133 pg/ml measured as glucose. 
Tests carried out on 552 vaginal mucus 
samples from 86 heifers believed to be free from 
I/. fetus infection showed that in six samples 
( 1 . 1 % )  the titre reached 1:80, but only one 
sample (0.2%) reached a titre of 1:160 (Table 1). 
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TABLE I 
I ndirecr H i r e n i u ~ ~ l i i  I inut i on  T e.5 t 
Resirlts of Testing Non-itifected Heifers  and Heifers  
bxpowd ta Infection 
Non-infected Heifers Exposed 
Heifers to Infection 
No. of ,h No. of % 
Tests Tests 
Extract D,lution Rcaction 
1 :40 Negative 530 96.01 571 45.7 
1 :40 Positive 16 2.89 156 12.4 
1.80 5 0.90 148 11.8 
I : I60 1 0.18 129 10.3 
1:320 0 0.0 104 8.3 
1:640 or ,. 
greater 0 0.0 141 11.2 
Table 1 also presents the results of testing 
1,249 mucus samples from animals exposed to 
infcction. It will be seen that 522 samples 
(41.7%) showed a titre of 1:80 or greater, while 
in 374 samples (30%) a titre of 1:160 or greater 
was recorded. The rise and fall of vaginal mucus 
antibody in two of five infected heifers, which 
wcrc examined daily, is shown in Figure 2; the 
lluctuating titres were characteristic of all five 
and showed a marked drop in the antibody lcvel 
nssociated with ocstrus. 
Discussion 
V .  fetirs (wneredi,v) strain 1980 regularly 
produces many spheroplasts when grown on solid 
media for fivc days: at thrcc days the yield of 
cells is limitcd and so 4-day growth was chosen 
to provide a satisfactory yield of morphologic- 
ally similar cells. 
In thc evolution of thc test now described 
some non-specific positive reactions occurred at 
the beginning in mucus sample controls and in 
mucus samples from non-infected animals: these 
reactions were most often, if not always, due to 
the failure of 1 : lOO NRS to prevent non-specific 
agglutination of tanned cells and sensitiscd tanned 
cells, and it was found essential to check carefully 
all new rabbit serums before use. Haemolysis of 
cells occurred occasionally at all stages of the 
tanning and sensitising processes. The cells 
were discarded when it occurred during the pre- 
liminary washing or tanning processes; slight 
haemolysis at the sensitising stage did not vitiate 
thc test. 
Many mucus samples from virgin heifers, at 
a dilution of 1:20, agglutinated the tanned cells 
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(sample control); consequently when testing 
samples from heifers that had been exposed to 
infection a series of dilutions starting at 1:40 
was chosen, and this procedure obviated non- 
specific agglutination. 
When mucus samples from the non-infected 
heifers were tested at dilution of 1:80, only 
1.1% were positive compared with 41.7% of 
samples from the infected heifers. 
Similarly, when samples from the non-infected 
heifers were tested at a dilution of 1:160, only 
0.2% were positive compared with 30% of 
samples from the infected heifers. 
This information was used to calculate the 
probabilities of encountering one or more positive 
reactions at either 1:80 or 1:160 dilutions 
among 15 to 30 samples collected from a non- 
infected herd. One or two false positives at 
1:80 dilution, or one false positive at 1:160 
dilution could be encountered among the 15 to 
30 samples. Howevcr, the chances of encoun- 
tering a greater number is very small indeed 
(P < .005). Thus if 15 to 30 samples are 
tested from a herd and three or more react at 
a dilution of mucus of 1:80 or above, or two or 
more react at 1:160 or above, the probability is 
that the herd is, or has been, infected with 
V .  fetirs (venerenlis). 
Table 1 shows that 58% of the samples from 
thc infected hcifers did not give rcactions at a 
1:SO dilution. Samples were collected from the 
timc of infcction until calving, and the majority 
=ssl I 
I NO SAMPLE TESTED = OESTRUS 
Figure 2 
indirect Haemagqlutination Test. 
Daily fluctuation in  the t i t re of vasinal mucus antibody 
showinq characteristic fall associated with oestrus. 
28 1 
of these negative samples were either collected 
before the occurrence or after the cessation of 
the immunological response to infection. 
The only immunological test in regular use 
involving extraction of antibody from vaginal 
mucus is the bacterial agglutination test for 
V .  fetus (venerealis) infection. Lawson and 
Mackinnon (1952) in reporting on the use of this 
test pointed out that it was a valuable diagnostic 
aid provided samples for testing were not col- 
lected at or around oestrus. Subsequent work 
has shown that antibody levels often fall at this 
time. The present test, based on indirect 
haemagglutination which is generally considered 
to be a very sensitive technique for the detec- 
tion of antibody, also records a marked fall in 
detectable antibody at oestrus (Figure 2). Sub- 
ject to this limitation it is considered that the 
test is a valuable laboratory technique for herd 
diagnosis of bovine vibriosis. 
Summary 
The preparation of a phenol-soluble fraction 
of Vibrio fetus (venereulis) is described. The 
fraction is capable of sensitising tannic acid 
treated sheep erythrocytes. These sensitised 
tanncd cells were used in an indirect haem- 
agglutination test to detect antibody in the vaginal 
mucus of heifers experimentally infected with 
V .  fetus (venerealis). 
Using a titre of 1:80 as the minimum diagnos- 
tic level, the test was positive in 41.7% of 1,249 
vaginal mucus samples from infected cattle. 
Only 1.1% of 552 vaginal mucus samples from 
heifers known to be free from infection reacted 
positively at the same level. The test is a use- 
ful laboratory technique in the herd diagnosis of 
bovine vibriosis. 
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DIAGNOSIS OF BOVINE VIBRIOSIS 
Part 3-Indirect Haemagglutination Using Untanned Sheep Erythrocytes 
I .  D. B. NEWSAM,* M.R.C.V.S., Ph.D., and T. D. ST. GEORGE, B.V.Sc. 
Division of Animal Health, Animal Heulth Research Laboratory, 
C.S.I.R.O., Parkville, N .2 ,  Victoria 
Introduction 
An indirect haemagglutination (IH) test for 
the routine diagnosis of vibriosis in cattle was 
described by Te Punga (1958) who used a New 
Zealand strain of Vibriu ferus (venerealis) to 
prepare sensitising fluid. In attempting to repeat 
this work with a British strain of the organism, 
it was found that unless the bacterial suspension 
was treated with alkali as described by Davies 
ef  d (1958), sensitisation of the normal (un- 
tanned) sheep erythrocytes did not occur. This 
paper reports modifications of Te Punga's 
original test and records the results of testing 
vaginal mucus from heifers infected with 
V .  fetus and from non-infected heifers. 
Materials and Methods 
Preptiruriori of rlir Semitising Fluid 
V .  fetus (venereul is)  strain 1980 was grown on solid 
medium and harvested as described by Newsam et al 
(1967). The cells were centrifuged, washed once with 
I500 ml of sterile normal saline a t  ambient tempera- 
ture, and resuspended in 1000 ml of cold sterile saline. 
The suspension was held in a 1 litre cylinder at  4°C 
to allow sedimentation of red blood cells; after 18 hr 
the supernatant was removed, adiusted to an opacity 
equivalent to Wellcomet opacity tube 10 x 2, dispensed 
in 20 ml amounts, autoclaved at 15 sq. in. for 2 hr 
and stored at 4°C (Te Punga 1958). On the day before 
use the heat-treated cell suspension was brought to 
pH 12 by adding 0.4 ml N NaOH to each 20 ml 
aliquot. The preparation was held a t  37°C for 18 hr, 
brought to pH 7 by adding N HCI (Davies et al 1958) 
and centrifuged for 5 min at 3,600 rpm (equivalent 
to 1500 x R )  in an angle head bench centrifuge. The 
deposit was discarded and the supernatant retained. 
This concentrated sensitising fluid was diluted with an 
equal volume of p H  7.2 phosphate buffered saline 
(PBS) for the sensitisation of normal sheep erythro- 
cytes. 
Preparution of Orher Reugents 
Phosphate buffered saline, pH 7.2, and 1:250 normal 
rabbit serum ( N R S )  in PBS were prepared as de- 
scribed by Newsam et al (1967). 
Sensitbution of Sheep  Erythrocytes 
Sheep blood was collected in Alsever's solution modi- 
fied according to Bukantz ef al (1946), and used on 
'Present address: Veterinary Institute for Tropical and 
tnurroughs Wellcome & Co.. London. 
High Altitude Researrh. Apartado 4480. LIMA. PERU. 
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the same day or after storage at 4°C for  u p  to  14 
days. When required, the red cells were washed three 
times in PBS and finally centrifuged a t  1500 x g for  
5 min. A 270 (v/v)  suspension of red cells was made 
by adding 0.1 ml packed cells to 4.9 ml sensitising 
fluid, incubated at  37°C and shaken every 30 min for 
2 hr. The sensitised red cells were centrifuged, washed 
once in PBS and resuspended in 1:250 NRS in PBS 
using 1.5 times the original volume to give approxi- 
mately 1.3% (v/v)  density of cells. Initially PBS was 
used as the suspending fluid, but later this was replaced 
by 1:250 NRS in PBS. 
Ininiune Serums 
by Newsam et UI ( 1967). 
Vaginal Mucus Extracfs 
Seven hundred and ninety-nine vaginal mucus samples 
were collected from approximately 100 heifers which 
had not been exposed to V .  fetus infection. A further 
981 samples were collected over a period of 12 months 
from 45 heifers, 42 of which were known to be ex- 
creting V .  fetus following mating with an infected bull. 
Samples were diluted with approximatelv four parts 
sterile physiological saline and held at 4°C for 18 to  
66 hr; portions of the supernatant extracts were then 
stored a t  -20°C until tested; 187 extracts of mucus, 28 
from non-infected and I59 from infected animals, were 
stored in duplicate; one set was tested after storage 
at 4°C and the second after storage at  -20°C. For 
the purpose of recording results it was considered that 
any antibody present in the mucus had been diluted 
initially 1 5 .  
Testing Techniques 
In setting up the test, volumes of 0.05 ml and 0.04 
ml were delivered as single drops from 12 and 14 gauge 
hypodermic needles respectively; points were removed 
and the needles adjusted to deliver 20 drops of PBS and 
24 drops of 1.3% (v/v)  red cell suspension per ml  
respectively. 
The serum was diluted 1:lO with PBS, inactivated 
at 56°C for 30 min and adsorbed with. 1% (v!v) 
washed sheep red cells at  37°C for 30 min. Doubling 
dilutions beginning at 1 : l O  were made in Perspex trays 
using final volumes of 0.05 ml. 
Saline extracts of mucus were neither inactivated 
nor adsorbed. They were tested in one or other of 
two systems. Initially PBS was used for making dilu- 
tions of mucus extract in the actual test and for sus- 
pending the sensitised red cells, but later this was 
replaced by 1:250 NRS in PBS (NRSIPBS). Mucus 
extracts stored a t  4°C or -20°C were tested in parallel 
using both systems. Serial dilutions were prepared in 
the same way as for serums. Controls of non-sensitised 
The high titre donkey serum used was that described 
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Figure  1. Indirect haemagglutination test using untanned 




Row 1. Posit ive serum 
Row 2. Posit ive mucus 
Row 3. Negat ive  mucus 
Phosphate buffered saline 
normal rabbi t  serum 
red cells in PBS o r  in NRS/PBS were set up with 
each day's test; an immune serum control was also 
included. Duplicates of the three lowest dilutions of 
each sample of mucus were also titrated against non- 
sensitised cells for evidence of non-specific agglutina- 
tion. 
To each 0.05 ml of serum or mucus sample dilution, 
0.04 ml of sensitised sheep erythrocyte suspension was 
added. The trays were shaken gently to  ensure uni- 
form mixing and left at  room temperature (22°C to 
30°C) for 1.5 hr. The end point of the titration was 
taken as the highest dilution which showed an evenly 
distributed mat of agglutinated cells covering the entire 
bottom of the well; this corresponded to scale 3 of 
Te Punga (1958). Figure 1 depicts a test showing posi- 
tive and negative reactions. 
Results 
Vaginal Mucus from Non-infected Heifers 
Of the 799 vaginal mucus extracts from non- 
infected heifers 169 were stored at -20°C and 
then diluted in PBS for testing. Agglutination of 
the control, non-sensitised erythrocytes occurred 
in 31 (18%) of these samples, and data relating 
to these 169 tests have, therefore, been excluded 
from further consideration. The remaining 630 
extracts in saline were also stored at -2O"C, but 
these were further diluted in NRS/PBS for test. 
In these samples no agglutination occurred in the 
control tests. Table 1 shows that in 623 
(98.9%) of these samples there was qo agglutin- 
ation of sensitised cells at an extract dilution of 
] : lo.  
Vaginal Mucus from Infected Heifers 
No agglutination of control, non-sensitised 




5-7 8-9  
mucus from infected animals, when thc extracts 
had been stored at -20°C prior to testing in 
NRS/PBS. The number of samples from these 
heifers reacting in the test proper at various levels 
of dilution shows that 238 (24%) gave positive 
reactions at extract dilutions of 1 : l O  or greater 
(Table 1 ) .  
Eflect of Storage of  Mucus Extracts at 4°C and 
-20°C. 
One of the 187 mucus extracts from normal 
and infected animals storcd at 4"C, and 23 
(12%) of the duplicate samples stored at 
TABLE 1 
Results of Indirect Haernagglutination Tests in the 
Nornial Rahhit Serum/Pltosphate Buflered Saline 
System on Mucus from Non-infected Heifers and from 










~~~ ~~ ~ 
Non-infected Heifers Exposed 
Heifers to Infection 
No.of $, No. of 
Tests Test5 % 
Reaction 
Negative 623 98.9 943 75.7 
Positive 5 0.8 106 10.8 
Positive 2 0.3 72 7.3 
Positive 0 - 25 2.5 
Positive 0 - 15 1.5 
Positive 0 - 20 2.0 
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-20°C showed haemagglutination of non-sen- 
sitised red cells when tested in the PBS system. 
In the parallel tests in the NRS/PBS system 
none of the samples stored at 4°C or 
-20°C caused haemagglutination of non-sen- 
sitised red cells. In samples from infected ani- 
mals there was no appreciable difference in the 
end points of mucus extracts when stored at 
either 4'C or -20°C. 
Discussion 
Two modifications have been introduced into 
the test as described by Te Punga (1958). First, 
alkali treatment of the bacterial suspension was 
found to be necessary because, under our con- 
ditions, extracts of V.  fetus, strain 1980, would 
not otherwise sensitise sheep red cells. Second, 
in testing samples from non-infected heifers, in 
some instances, non-sensitised erythrocytes ag- 
glutinated in the PBS dilutions of mucus extract 
even when the latter had been stored at -20°C 
before testing. Te Punga (1958) found that, 
by freezing the saline extract of mucus to 
-2O"C, this non-specific agglutination was 
largely overcome, but in the present work this 
was not so. Initially all mucus extracts werc 
frozen, but in up to 18% of samples from both 
non-infected and infected heifers non-specific 
agglutination still occurred. Because of experi- 
ence with an IH test using tanned red cells sen- 
sitised with a phenol-soluble fraction of V. fetus 
(Newsam et a1 1967), normal rabbit serum was 
introduced into the system. This NRS/PBS sys- 
tem eliminated the non-specific agglutination. 
In the tests of 630 samples from non-infected 
heifers, only seven (1.1 %) reacted positively at 
a mucus sample dilution of 1 : l O  or greater, 
whereas in tests on samples from infected ani- 
mals there was a positive reaction at the same 
dilution in 238 (24%) of 981 mucus samples. 
It is considered that il positive reaction at this 
dilution specifically indicates past or presenl 
infection. 
In routine testing of vaginal mucus samples 
for evidence of bovine vibriosis, the present re- 
sults suggest that although specific titres do not 
fall, freezing the saline extracts at -20°C be- 
fore testing is not indicated. This step may in- 
crease the number of samples that cause agglutin- 
ation of non-sensitised red blood cells. This type 
of reaction can be largely eliminated by the in- 
corporation of NRS in the diluent. The test, 
as now described, provides a useful laboratory 
aid to the diagnosis of bovine vibriosis and 
allows specific testing of samples either fresh 
or after storage at -20°C. 
Summary 
A heat-stable fraction of Vibrio fetus 
(venerealis), subjected to treatment with alkali, 
sensitised normal sheep erythrocytes. The sen- 
sitised cells were used to test for the presence of 
antibody in 630 saline extracts of vaginal mucus 
from non-infected heifers and 981 extracts from 
heifers exposed to infection. When some saline 
extracts of mucus were diluted with phosphate 
buffered saline and titrated against non-sensitised 
erythrocytes, haemagglutination occurred but 
this reaction was eliminated by incorporating 
normal rabbit serum into the phosphate buffered 
saline system. 
Twenty-four percent of vaginal mucus samples 
from the infected heifers reacted at a dilution 
of 1 :  10 while only 1 .O% of samples from non- 
infected animals reacted at the same dilution. 
'These results suggest that haemagglutination at 
an extract dilution of 1: 10 is specific evidence of 
past or present infection with V .  fetus. 
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HEPATOGENOUS CHRONIC COPPER POISONL'IG IN SHEEP IN SOUTH 
AUSTRALIA DUE TO THE CONSUMPTION OF ECHIUM 
PLANTAGINEUM L. (SALVATION JANE) \  
by 
T. D. ST. GEoRGE--GRAM BAUER, B.V.Sc., 
. . Department of Agriculture, Adelaide*, 
and 
. 
R. RAe, Dr.med.vet., 
lns.titure of Medical �nd Veterinary ScienCe, Adelaide . 
. Jntrodu<:ti�o 
In a review of liver disease in livestock from 
the intake. of hep�totoxic substanc:es, Bull ( 1961 ) 
discussed the pathogenic action of the pyrrolizi­
dine alkatojds . The ltistopf,lthology .of �he chronic. 
lesion in the liver produced by these alkaloids is 
characterised by megatocytosis in  horses, cattle 
and sheep. Among the many species of plants 
containing these alkaloids are two members of the 
family Boragil"mceae, 1/.eliotropium e11ropaeum 
and Ecltiwn planragineum. 
The toxiC effectS of H. europaeum (heliotrope)'· 
for sheep have been well established by BuH et at. 
( 1956). The chronic liver damage. produced by 
the alkaloids may be severe and prove fatal, when 
death is from loss of liver function. Poisoning may 
lead to a fatal loss of liver function in all instances 
but, by altering copper metabolism, may predis­
pose sheep to the haemolytic c-risis of chron!c 
copper pilisoning when dcJth is due to anolCaem1a 
and loss of kidney function. In some instances 
· both liver and kidney fUnctiOns may be lost.(Bull, 
personal communication ) .  
Much less i s  known of the toxic effects of E. 
·plantagineum. Maiden ( 19 16) considered it prob­
ably poisonous to sheep, causing "slavering", �.ut 
Hurst ( 1942) quotes other authors who de
_
scnbe 
it .as a good fodder plan t; and states that �t was 
innocuous in a feeding trial described in the.New 
South Wales Oept. of. Agri!=ulture. record?. Al­
though consumption of the plant was reported. by 
Bull et at. ( 1956) to have caused on one occas1on 
an outbreak of .fatal haemolytic jaun�ice in 
sheep similar tO that produced ·by heliotrope, 
there have been no other . similar reports. Two 
pyrrolizidine "-lkaloids, echiumidine a,nd cchimi-
'•Pre$�>:nt allrlre,.s: .o\nlmal f{eAlth P.esel'lrch Laborntory, C.S.T.R.O .• Parkville. N.2. V1etorin. 
��l�en��r( 1 ��oJ)�ed from £. plantagineum by 
£. plantagineum is known in South Australia 
as '·salvation jane'? .and sometimes as·. blue�eed. 
I� has other common names: in other parts of 
Australia, Patt��s�n·s curse and Lady Campbell 
weed; overseas It 1s known as bugloss, or viper's 
bugloss. Because of the multiplicity of common 
names, £. plcmtagineum will be referred tO In this 
artie/� as ''echium". It is nn annual weed with a 
growing periotl in South Australia from May to· 
Nov�mber, though the actual period varies from 
s..:ason to season and in some seasons green. plo:�nts 
may be fCiund as late as Fcbwary. The area of. 
the State infested is sti l l increasing, though the 
infest�tion varies from ;,1 few plants alo�g tho;:: 
roadside to the comph:to;:: cover of flats or hillsides. 
Echium has been susp�cted at times in South 
Australia of being rt'sponsible for toxic .effects 
in sheep, but, i-r. <:!most all cases, heliotrope also 
grev.· on the property. The outbreak to be de­
scribed of fatal disease in sheep was on a· property 
where there was no heliotrope. 
Description of :Ht Outbrt�k. 
History 
The outbreak occurred on a [urm in the Mount 
Lofty Ranges ·about 30 miles from Adelaid� . .  For 
a month prior to the occurrence of the first death. 
<J flock of 92 Dorset Ho(n X Corried;1\e ew¢s of 
ffii.'(ed ages and.3 bmbl. bred on the propeny, and 
a Corriedale ram, were Oepastured in  a 40. acre 
hillsic!e paddock, which contained an unUsually 
hea'ly growth of echium through the winter and 
into the summer of 1 960. The sheep, which were 
in . prime condition, were moved for short periods 
in!O an adjacent sm:�ll p.1dduck. Echium had 
formed a major part of their diet for the se::ond 
lhe Australian Veterin.:Hy Journal, May, 1 962 289 
half of the year on this �nd other parts of the were found in the axilla and to a lesser d.::gree 
farm. It had been grazed in previous years. The in the lungs, heart and spleen. The liver was 
other species present in the pasture were phalaris t enlarged, fibrotic and a bright yellow; the kidneys 
(Phalaris tuberose), rye-grass (Lolh1m perenni), •swollen and a gun-metal colour. The walls of 
silver grass (Aristida spp), a small amount of the intestines shO\ved haemorrhages and there was 
clover (Trifolium spp) and star thistle (Centaurea some free blood in the lumen of the intestin�s. 
clacitripa). There was no heliotrope on the pro- In the February case\the haemorrhages were not 
perty or the surrounding roads. The sheep had marked. 
access to a small dam containing about 400 gal­
Ions of water fed from a spring (running up to 
the time of the outbreak). Reeds and algae were 
giowing in the witter. 
The first ewe be
.
came sick and died abo�( 3rd 
Decembe.c, 1960, and 10 more were lost up to 
5th January when the ·ftock was moved from the 
"paddock. All these died with in 24 hours of beirig 
noticed sick by the owner. No more sheep .be­
came sick until 9th February, 1961, the- day 
after the fto.ck was r�tumed to the original pad­
dock. One ewe WflS then observed ill but lived 
for 36 hours more, when it was . destroyed for 
autopsy. _ The remainder _of the flock was moved 
and three ewes have died since. The total mor­
tality was approximately 16%. Most of the 
· deaths wete in the older ewes. 
the owner blamed - the. deathS .on copper con­
tain'ect in -top-drCssing which he believed had 
been. washed into the dam from a neighbour's 
property. He fenced this dam off after the first 
1 1  deaths· to prevent the sheep getting access �o 
it. A smriple of the water was found to contam 
less thim 1 part per million (ppm) copper, well 
below a toxic level for sheep. A mixed sample of 
pasture plants contained about 7 ppm copper 
(normal) and echium 14 ppm (not outstandmgly 
high). 
Signs 
The most prominent signs were severe jaundice 
and haemoglobinuria. At first the a�ected sheep 
were excitable and moved aro.uncl with the head 
held hin:h · then they became depressed and re­
luctant l:'to' move and when they did move they 
showed a stiff gait. Their. body temp�rature was 
normal. Respiration was rapid, but this may have 
been· due to the very hot weather. The breat� �as 
uraemic. Tftere was no · diarrhoea." All · vlSl?le mucous me:mbranes wer.e icteric, and the unne 
was a dark. brown. 
Post-mortem findings 
The animals examined were in good condition. 
All fat and connective tissues ·were bright yellow. 
Throughout the body there wer� ecchymoses, :x­
cept in the muscles; very extensive haemorrha;o,es 
Histopathology 
Sections of the liver and kidney were prepared 
-for microscopic examination - from a case that died in .fanuary and the on-e that was destroyed 
in February. Paraffin sections (formalin fixed) 
were_ stained with haematoxylin and eosin, ·van 
Gieson, Ziehl-Nielson, silver method for reticulin, 
Weigert's fibrin stain, PAS and potassium ferri� 
cyanide. 
' 
The capsule of the liver was thickened with 
well-developed collagen. Fibrosis, mainly due to . 
a pronounced increase. in reticulin fibrils and less 
so to coHagen, was marked ·a�H.l _ the lObular 
arrangement less definite. The normal network of 
reticulin fibrils was disrupted, many fibrils appear­
ing .thickened. The increase in reticulin fibrils was 
noticed even round some central veins. Almost 
all the parenchymal cells were swoUen, with en­
larged npclei cont.a.ining hn open chromatin· net­
work. The lobules were atrophic and contained 
a small number of large cells. There was some 
evidence · of" regenerution. Larger ·  or smaller in­
Clu:;ion globules as described by Bull (1955) were 
detected either within the liver cells or free. Fatty 
metamorphosis \vas marked. New bile-duct for­
mation was in progress and bile pigment occurred 
in various amount ih some canaliculi, bile capil­
laries, ducts and even in liver celts. Scattered 
throughout_ the liver tissue were foci of large and 
irregular masses of bile pigment lying free among 
the cells in the lotiules (Figure 1 ). Some of these 
foci showed infiltration with _ neutrophils. The�e 
was some proliferation of Kupffer's cells. ·Ceroid 
was present throughout, not only in macrophages 
which were usually packed with this material, but 
also in the· liver cells; These cells were typically 
situated round the central veins and _in the fibrotic 
areas {Figure 2). Some were present in the actual 
lobules. Although the blood vessels were dis­
tended, haemorrhagic extravasation was not 
observed. Many liver cells· and - macrophages 
showed the presence of iron-containing granules, 
with the staining characteristics of hemosiderin, 
mqinly along_ and in fibro:us tracts. 
The liver of a January case was found to con­
most all the epit_helial cells of the tubules show!!d 
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Biochemistry 
The liver of a Janu�ry case was found to con­
'•ain 1200 ppm copper _(fat free dry weight), and 
the February case 89:> ppm (levels in normal 
sheep in South Australia are below 500 ppm). 
The blood sugar in t�c February case was 1 12 
a certain degree of damage, nec;rosis an_d disin­
tegration being- widespread. All epithelial -cells, 
except. for Yl.ose .of the c_onvotut_ed tubules con� 
tained granules- in various amount giving a posi­
tiv-e PrusSian blue reaction. Scattered gtoups of 
cOnvoluted tubules contained epithelial cells with Fig. 3 
large vacuoles, probably fat, which usually filled 
the ' lumen of the tubule. Their cytoplasmic mg/100 ml:, (normal 30-50 mg/lOOml.) ·and 
threads between vacuoles were particularly. r:ich blood urea nitrogen 60. mg/100 mi. (normal 8-20 
in iron-containing granules (Figure 3). Some tub... mg./ 100 mi.) Normal blood values are from 
ules were filled with haemoglobin casts in varying Dukes ( 1955). 
stages of disint�gration< In a ·few instances a part 
of the cast gave a positive Prussian blue reaction. DisctJssion 
Fig. 2 
Hyaline casts were also present. There were 
dilated but empty . .  tubules scattered in the �ortex. 
The blood vessels were distended with ev1dence 
of haemorrhagic extravasation, particularly in the 
medulla. 
ln this outbreak the sheep died from the 
haemolytic crisis of chronic copper poisoning. 
They showed marked jaundice and loss of kidney :��c����· d������teaJ������gf;��;tifn �:��· !��� 
actual death was probably due to loss of kidney 
function. The evidence indicates that the liver 
(}amage was the result of consumption of ecbium 
over a period of at least two years. Heliotrope can 
be excluded as playing any part in the production 
of the disease. 
(a) Heliotrope poisoning in New South Wales 
imd South Australia.-The picture of helio­
troPium poisoning in. sheep· in South· Australia 
differs from that described for New South Wales. 
Some of the differences are mentioned in the 
Final Report. of the Tox�etp:ic Jaundice Commit­
tee (1956). 
Rose :ind Edgar (1936) and Albiston et al. 
(1940) report that toxaemic jaundice ra�ely 
occurs in Merino sheep while Edgar et al. (1941) 
record a progressive decrease in percentage mor­
tality . with increase of the proportion of Merino 
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blood in sheep, from 6.5% in British breed sheep 
to 0.5% in Merino sheep and Comebacks. They• .. 
also state that to control toxaemic j:wndice in 
the edemic areas of New South Wales some 
farmers w_ill sell ?ff their cross�bred she�p and 
restcck With Menno sheep, as they are more 
resistant. Bull et.al. ( 1 956) made the statement 
ttnt heliotropium poisoning in either of its two 
main manifestations is very rare or almost com­
pletely absent in Merino sheep in New South 
w,l�s. 
The Final Report of the Toxaemic Jaundice 
Committee furthel' ·states· that deaths in cross-bred 
sheep commonly follow the second summer of 
grazing on heliotrope. The deaths commence i n  
June, rise ·to a· peak· i n  September, and fall· off 
towards the end of the year. The deaths in New 
S�u.th Wales are mainly th� result of haemolytic 
crms-. 
The Po.sitiOn in South Australia has been quite 
different. A diagnosis of heliotropium poisoning 
has been made more often in Merino sheep than 
in British breed sheep or in crossbreds. In the 
records of the South Australian Department of 
Agriculture, jaundice was not a symptom in 
�t'pproxiinate!y 75% of the reports ari which_ a 
diagnosis of heliotrop<! poisoning was made. The 
r.1ost _ promioeilt kat_ure des9ribed waS a pro­
gressive emaciation. In the 1 4  outbreaks where 
she:ep die� showing jaundice, the deaths in 8 
occurred between November U:nd April and all 
of these involved Merino sheep. The remaining 
outbreaks were bet\veen May and October and 
of these four involved British breed sheep, one 
Merino sheep and the breed was not recorded in 
the other. 
If a 3 to 5 month period j.lsual!y elapses before 
m�st sheep develop a haemolytic crisis after the 
first or secOnd season of grizing a plant contain­
ing pyrrolizidine alkaloids, then a winter�spring 
growing plant may be indicated as being the major 
source of these alkaloids for Merino sheep in 
South Australia, not the summer growing helio­
trope. If the poisoning is due to. different pyrro­
lizidine alk{lloids from those in heliotrope, then 
the different pat�
,
ern -becomes. understandable. 
In the course of. ihveStigation of various disease 
conditiOns in sheep, liver samples have been sub­
mitted for histopathological · examination. At 
times, the finding ha·s been "Evidence of damage 
�imilar to that produced-by heliotrope poisoning", 
an unexpected one as the animals were too young 
to have any or at least very little access to helio-
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trope. Some of these are known to have been 
grazing on echium frqm a short time after birth . 
(b) Echium uS a likely came of poi.wni�g. 
Echium fulfils. the condition. wry well on the �ol!owin� grountls_: . it. grows in the winter-spring; 1� c�:mtm�s pyrrohztc!-me alkaloids; it can produce 
stmtlar ltver damage and a haemolytic jaundice 
in sheep that have grazed it two or more seasons 
(Bullet al. ( 1956) ) ;  its distribution in South Aus­
tralia (Figure 4)  is almost the s:�.me as heliotrope 
and on very many of the properties within this 
area both plants occur; it is eaten in large quan­
tities by sheep. 
The hypothesis is advanced thar most of the 
symptoms and l iver damage, of the nature pro­
duced by the pyrrolizidine alkaloids in South­
Australian Merino sheep. are not due to helio­
.trope but to echium. If this is accepted then the 
differences between the field observations made 
in New· SoUth Wale& and SOuth Australia are 
readily explicable. 
(c) Palata�ility_ of echium and heliotrope.­
Echium. is quit� palatable to both Btisisb_•breed 
sheep and to South Australian Merino sheep.· 
Where pastures are not well managed and this 
wee<;!. gets ·good· early growth, it tends to choke 
out other plants through the winter and early 
spring. Many thousands of sheep have echium 
as a principal item of diet for several months 
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each year. In the heavily infested <1re:as, a strik­
ing mosaic is formed in thl:! spring. The paddocks 
where sheep are running stand out because of 
1he absence of purple flowers, in sharp contrast 
to the purple covered area-s where there are no 
sheep. Grazing with sheep is one of the means 
of control at present recommended by the South 
Australi3n Department of Agriculture. 
or are in the yards, or of the dead plant in \\·inter 
pasture or of seedlings. 
'• Attention can be paid to the pre-.·ention of accl!ss by sheep to echium during its orowing 
period, or by controlling its growth. So f�r ther.;: 
is n� ev_idence i� the pasture of other plants, grow1ng m the wmter; that cont<J.in the pyrrolizi­
dine alkaloids. 
The palatability of echium for Merino sheep 
in South Australia contrasts sharply with the 
unpalatability of heliotropium, which is eaten 
cnly if there is no alternative, and only happens 
when sheep are confined to a pure stand on fal­
·Jow ground: 
ThC 'follOwing 'ex.perience illustrates the relitive 
palatability .of the two plants. One outbreak of 
haemolytic jaundice, investigated in February, 
1961, wus in a flock of ma!ure stud M�rino rams 
on a property about 100 m1\es north of Adelaide. 
They were on a soWn luceine· paSture wf?.ich had 
made · poor'·gtowth and· contained a large v�riety 
of weeds, inducting heliotrope. The only. Species 
.which showed no signs of being grazed was the 
.he1iotrope. At one end.. oL the paddock wa'3 a 
30 yard strip of uncullivatcd land, on which were 
the dried remains of. a profuse growth of echium 
on whi��- the s�e�p had gr::tzed_ hea\'it; up ·til_! November, 1960. 
(d) Toxicity ·of echiwn.-Cutvenor ( 1956) 
mentions that the preliminary assay of the total 
alkaloid content of £. pfantagineum varied widely 
in samples taken from Albury and from Adelaide, 
and also varied in samples collected from Albury 
in diti�rent years. A widt: variation in alka1oid 
conteo.t could account for the relatively low 
toxicity of the plant, considering the enormous 
amount"Consumed by sheep in·South Australia. 
(c) Practical implication.s.-The implications 
of the- hypothesis that echi.um i.s the m::tjor cause 
of pyrrolizidine alkaloid poisoning in Merino 
sheep in Sou'tb Australia are considerable. Pre­
cautions against sheep graziog echium can n<;l\V 
be taken and the · emphasis shifted from hello­
trope. in Merino areas. In c"onformi!Y with �he 
findings of the report of the Toxaemtc _Jaundtce 
Committee ( 1956),. the practice of confimng she.c:p 
to fallow ground to control the growth �f �eh�� 
trope has been discouraged. Ot.her than. th1�, . . 1r 
a reas·onable amouilt of alternative feed IS avml� 
able for Merino sheep the presence of a �mall 
amount of heliotrope can be disrc;:garded. Pm�on­
ing of Merino sheep does not have to � explamed 
by the consumption of ·smo.ll quant1t1es of the 
mature heliotrope when they pass along a road, 
(f) Future inve.stigutions.-Direct proof of this 
hypothesis cannot be obtained from any of the 
past r�ports in the Department of Agriculture on 
individual outbreaks because some occurred i n  
sheep purchased only a few months. previously 
and their c:arlier ilislOI)' was unknown; further, 
many reporb simply state that heliotrope was 
present at the time of the investigation and do 
not· describe the other plants occurring on the 
property, although echium is sometimes men­
tioned. Quite often the note has been made that 
the s�ep do not appear to eat· much hdiotrope. 
To test this hypothesis artd·to establish clearly 
the clinic.<;J.I ·effeCts of echium, a feeding trial with 
sheep grazing echium over two successive seasons 
would have to .be c;urii:d out. A.]l alternative 
would be to reed sheep on the plant and follow . 
the liver changes by biop5)'. Gr�at c�rc would be 
n('edcd . to make sure· the sheep hnd no pr�violls 
exposure to pyrrolizidine ufkaloids. Supporting 
evidc:nce could be obtained from complete grazing 
histories. of sheep showing pyrrolizidine hepa­
tosis. 
The part cchium plays with British breed 
sheep and cross-breds in South Australia will 
be difficult to define as they will also eat helio­
trope. It would be interesting to know whether 
the alkaloids obtained by some of theS\": she�p 
from echium in the winter·spring "nd from helio­
trope in summer are additive in effect. At times 
gross liver changes (confirmed histologically) 
auributed · to heliotrope poisoning· have bel!n seen in voung British breed sheep which have had 
onlY one season on heliotrope, but have. in fact, 
also had a season on echium. 
SUmmary 
This paper describe-s an outbre:tK in ·South 
Australia of fatal jaundice due to the h�molytic 
crisis of chronic copper poisoning in Sheep which 
had grazed Echi1im planragintum, a member- of 
the plant family Boragina�eoe, over _tw? ?r m_ore 
seasons. Lesions in the hver were md1stmgmsh� 
able histologically from those cai1sed by Helio­
tropium europeaum, and the livers had a high 
content of copper. The differences between the 
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CHAPTER 2 ---- -
PNEUMONIAS OF SHEEP AND CATTLE 
The pneumoni as of sheep and cattle i n  Austral i a  are compl ex i n  their 
aeti ol ogy. W i th the notab l e  excl usion of contagious  bovine pl europneumonia  
now eradicated from Austral i a ,  some paral l el s  exist between the pneumonia s  
of the two ruminant spec ies ,  therefore they are conveniently considered 
together i n  thi s  chapter. The fi rst six papers were based in whole, or i n  
part, o n  my thesi s for the Master of Veteri nary Science Degree. 
The i nvesti gations of sheep pneumoni a  (#2-1 to #6) began in V ictoria 
and were continued in Queensl and ( #2-7 to #2-9) as a resul t of a request 
for cooperation from members of the Queensl and Department of Primary 
Industries .  My experience with the Queensl and i nvesti gati ons , v is its to 
pneumonic flocks and the examination of sheep l ungs i n  abattoirs i n  New 
South Wa les  convi nced me that simi l ar pneumonias occur wi dely i n  the sheep 
fl ock of eastern Austral i a .  The damage to l ungs is l argel:,: i n s idious, but 
for undetermined reasons, becomes a major economic probl em in certain  
fl ocks .  The i nfectious agents i nvol ved i ncl ude bacteria,  mycopl asmas and 
v i ruses. The problem i s  not confi ned to Austral i a ,  but my personal 
experience outside Austral i a  was l imi ted to the brief i nvesti gation when 
Mycopl asma ovi pneumoni ae was i so 1 a ted from the 1 ungs of pneumoni c sheep of 
the Cornel l Uni vers ity fl ock in  the USA ( St. George and Carmichael , 1975) 
and to smal l numbers of sheep in Uruguay. The paper with Dr Carmichael 
(#2-10) was a derivative of the pr·;mary i nvestigations in Austral ia .  
After the  publ i cation of the i sol ation of  .!:!.:.. ovipneumoniae i n  
Austral i a ,  the same agent was subsequently reported to be associ ated w ith 
sheep pneumoni a  i n  other parts of the worl d for i nstance the USA 
( St.George and Carmichael , 1975 ) ;  South America ( Arri go, 1982 ) ;  Europe 
( Fogg ie  et al . ,  1976; Fri i s � �· 1976 ) ,  and New Zealand (Al l ey et �, 
1975 ) .  However, defi ni tive proof of i ts role in the aeti ol ogy of sheep 
pneumonia i s  sti l l  l ack ing .  
The  revie·11 by  Dr - Sul l i van and  mysel f of  sheep pneumonias i n  
Austral i a  (#2-11 )  c l ass i f ied the pneumoni as as  we  observed them. The only 
orig inal  work reported in thi s  review was on i nhal ation pneumonias .  Dr ­
Sul l  i van moved to Mel bourne Uni versity and my di rect i nvol vement with 
sheep pneumoni a  had ceased by 1973. 
Parai n fl uenza 3 v i rus  was i so 1 a ted from the 1 ungs of an acute case of 
pneumonia  in a COli in south Austral i a  (#2-12 ) .  However, my subsequent 
14. 
serol ogical survey (#2-13)  shoV�ed that thi s virus infected most herds of 
cattle in Austral i a ,  and, that even cal ves reared under intens ive 
conditi ons cou l d  be i n fected and excrete vi rus VIi thout devel oping cl i nical 
pneumonia (#2-14 ) .  A mycopl asma, �lycopl asma di spar VIas i sol ated from a 
sl owly devel oping i ntersti tial pneumonia  of young cal ves in a simi l ar 
fashion to that found with M. ovipneumoniae in sheep pneumoni a .  � dispar 
was used to produce pneumoni a  in col ostrum deprived cal ves (#2-15 ) . 
I n  North America,  parainfl uenza 3 virus was regarded as one of the 
important agents in the shipping fever compl ex.  Until the discovery that 
i nfection wi th parai nfl uenza 3 v irus is an almost ubi quitous in Austral i a ,  
one reason for Austral i a ' s  freedom from shippi ng fever was regarded as 
being due to absence of thi s  agent. Bovid herpesvirus 1 had al ready been 
i sol ated in Austra l i a  by Dr. E.L .  French and Mr \j .A.  Snowdon. Most of the 
bacteria associ ated w ith pneumoni a  of cattl e were al ready known to occur 
in Austral i a .  Shi ppi ng fever remai ns a mystery, but if  infection w ith 
respiratory v i ruses and bacteria � � were the answer the syndrome 
shoul d exi st in Austral ia but it is a rari ty .  
The method of i nvestigation used with both sheep and cattle was to 
observe young animal s lieekly,  or monthly, in the antici pation that natural 
di sease woul d occur. This sequential sampl i ng is  an exampl e of a sentinel 
animal approach which was used on a l arger scal e for arbovirus 
i nfections.  Compl ementary experimental studies were handicapped by a l ack 
of pneumonia  free animals and i sol ation faci l i ti es in which to rear them 
for experimental i nfectio n .  
T h e  pneumonias of sheep and cattle i n  Austral i a  remain  i nadequately 
studied or understood. The review on pneumonias of sheep in Austral i a ,  
which systematizes the knowl edge o f  sheep pneumonia  has not yet been 
superceded, or even s i gni ficantly improved upon. My main contribution has 
been to demonstrate the compl exi ty of the aeti ol ogy .  
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THE ISOLATION OF MYXOVIRUS PARAINFLUENZA TYPE 3 FROM 
SHEEP IN AUSTRALIA 
T. D. ST.GEORGE$, B.V.Sc. 
Division of Animal Health. Animal Henlth Research Laboratory, CSIRO, 
Parkville, 
Introduction 
The isolation of Myxovirus parainfluenza type 
3 (PI3) from sheep was first reported by Hore 
(1966) in the United Kingdom, then by Ditch- 
field (1966) in Canada. In a preliminary serolo- 
gical survey using a human strain of PI3 virus, 
low titres of neutralising antibody were reported 
in a single flock of sheep in Australia by St. 
George and French (1966). The isolation of PI3 
virus from sheep with pneumonia in Australia, 
and reaction of sheep exposed to this virus, is 
reported here. 
Materials and Methods 
Ti.\ rue Cultures 
Monolayer tissue cultures (TC)  of bovine kidney 
(BK)  or lamb kidney were prepared as described by 
French (1962). Cultures were grown and maintained 
in Hanks' balanced salt solution (BSS) containing 
0.5% lactalbumin hydrolysate and 0.01(/0 yeast extract". 
The growth medium contained 10% ox serum (and 
the maintenance medium 3% ) that had been heated 
at 56°C for 30 min and had been shown to be free 
of antibody to P13 virus. 
Cultural Methods 
About 1-2 g of pneumonic lung from each sheep 
was ground with sterile alundum with a pestle and 
mortar in Hanks' BSS containing sufficient tylosint and 
nystatint to give a final concentration of 1000 units of 
each per ml. After the coarse particles had settled, 
0.1 ml of the supernatant liquid was inoculated into 
each of 6 or more T C  of BK or lamb kidney. The 
lungs were cultured for bacteria on ox blood agar 
plates and for mycoplasmas. 
Nasal mucus was sampled with sterile cotton wool 
?wabs on the end of orange sticks. A swab, moistened 
in Hanks' BSS containing tylosin and nystatin, was 
rubbed over the nasal mucosa. and then broken off 
into 5 ml of the same solution. A separate swab wah 
used for each nostril. Each of 4 TC tubes of BK was 
inoculated with 0.1 ml of the supernatant liquid. If 
cytopathic effects (CPE) were observed in the TC, 
guinea-pig red blood cells (RBC) were added to detect 
haemadsorption (Vogel and Shelokov 1957). If no 
CPE was observed, two blind passages were made, 
and if C P E  failed to develop the cultures were checked 
for haemadsorption with guinea-pig RBC before they 
were discarded. 
~~ ~ 
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Serum neutralisation tests were carried out as de- 
scribed by St. George and French (1966), except that 
BK cells were used instead of BHK2l cells. 
Haemagglutination inhibition (HI)  tests were per- 
formed by the method of Lennette and Schmidt (1964) 
using guinea-pig RBC. The PI3 viruses used were: A 
human strain of PI3 supplied by Dr. A. Ferris of 
Fairfield Infectious Diseases Hospital, Melbourne; the 
cattle strains PZL (St. George and French 1966) and 
WRS95 (W. A. Snowdon unpublished); and the sheep 
strain CSL6. Standard rabbit antiserums to PI1,. PI2 
and PI3 were obtained from Microbiological Assoclates, 
Maryland, USA, and antiserums to P14A and PI4B 
from Dr. Ferris. They were used at a starting dilution 
of 1 in 5. 
Antiserums against the PZL, WRS95 and CSL6 
viruses were produced in pairs of rabbits by the intra- 
venous inoculation of virus on two occasions, 14 days 
apart. The rabbits were bled prior to, and 19 days 
after, the first inoculation. Cross neutralisation tests 
were carried out wing these three viruses, the human 
strain of PI3 virus, and their respective antiserums. 
Serums collected from five cattle and five sheep on 
separate farms which were shown to have PI3 neutral- 
ising antibody, were titrated simultaneously against the 
PZL (cattle) and CSL6 (sheep) viruses. 
Physicul und Cheniicul Churucterisation 
The following characteristics were tested as described 
by St. George and French (1966): sensitivity to ether 
and chloroform; haemadsorption and haemagglutination 
of guinea-pig RBC, and the effect of pretreatment of 
the RBC with' Vibrio cholcrar neuraminidase (receptor 
destroying enzyme RDE) on haemagglutination and 
haemadsorption. BK monolayer T C  were infected with 
each strain, fixed in Bouin's fluid, and stained with 
haemotoxylin and eosin. 
Virus for electronmicroscopy was grown in BK roller 
bottles until CPE was advanced. the virus suspension 
was clarified by centrifugation at 1000 g fcr 15 min, 
and the supernatant liquid was examined in the electron 
microscope after negative > taining with potass\urn 
phosphotungstate at pH 6 .  
Transniission Experiment 
A ewe, S81, and her twin lambs, MAS and MA6. 
all of which had no detectable PI3 antibody. were 
placed in isolation when the lambs were 6 days old. 
All persons who entered the isolation unit wore pro- 
tective rubber clothing and surgical masks to minimise 
the chances of transmitting a human strain of PI3 
virus to the sheep. 
The ewe was inoculated into the lumen of the trachea 
with 2 ml of TC fluid containing approximately 1 0  
50% tissue culture infective doses (TCID,o) of CSL6 
strain of virus. and was kept separate from the 19-day 
old lambs for 6 hours after inoculation. Rectal tem- 
peratures of the ewe and lambs were taken daily, and 
swabs of nasal mucus were also collected daily. Blood 
\ampies were collected on days 0, 2, 4, 6 ,  8, 13, 14 
and I S  of the experiment from the sheep remaining in 
the experiment at those times. Lamb MA6 was killed 
on day 6, lamb MA5 on day 8, and ewe S81 on day 
15. BrTin, lung, bronchial mucus, liver, spleen and 
kidneq from each animal were cultured for virus, and 
thc l u n g  for bacteria and mycoplasmas. 
Floch Histories 
The three flocks described below were situated 
on farms located in Victoria within 100 miles to 
the north of Melbourne. 
Furm A-1357 Romney Marsh X Merino 
crossbred lambs born in July-August 1966 were 
run as a single flock on natural pasture plus sup- 
plementary feed. A large proportion of the 
lambs in the flock were observed to be coughing 
between February and April 1967. Farm records 
showed that 5 of the 22 lambs, found dead during 
this period, had been examined at autopsy and, 
of these, 4 were recorded as having pneumonia. 
The older sheep were unaffected. 
Virus was isolated from the pneumonic lungs 
of a lamb designated CSL6 which was found dead 
on 21 March, 1967. One lamb, chosen at 
random from the flock and killed the next day, 
and 2 others which died overnight, were found on 
autopsy to have extensive areas of pneumonia 
in both lungs. Serum samples collected from 5 
lambs chosen at  random from the remainder of 
the Rock on 23 March 1967 had an average 
neutralising antibody titre of 12 against 
CSL6 (sheep) virus and an average titre of 
218, an IS-fold rise, in serum samples col- 
lected 49 days later. The total losses in the 
flock were 32 (2.4%), all of which could not be 
attributed to pneumonia, and there was a severe 
check in the growth rate of the survivors. The 
flock as a whole began to improve in May, some 
weeks after the growth of new pasture that 
followed the autumn rain. 
Virus, designated CSL7, was recovered from 
the lungs of a lamb born in August 1967. It  was 
found dead on 22 January 1968 and had exten- 
sive acute pneumonic lesions at autopsy. At this 
time a small proportion of the flock was noticed 
to be coughing, but very few deaths occurred in 
the lambs in this second season. However, loss 
of body condition was noticeable towards the end 
of the dry season in March. 
Farm B-The only sheep affected on this farm 
were in a flock of 500 Dorset Horn stud rams 
about 5 months old. When the rams were 
brought into the yards for dipping on 6 December, 
Results 
1967, some were noticed by the manager to be 
sick and coughing, and 12 died in the week 
following dipping. Three rams were examined at 
autopsy and found to have extensive consolidated 
areas in all lobes of the lungs, and the remaining 
lung tissue was engorged with blood. The 20 
rams that were most affected were drafted off and 
treated by the manager with 10 ml of sodium 
sulphadiazine by subcutaneous injection. A 
dramatic improvement in the condition of these 
rams occurred within 24 hours. The ram lamb 
flock gradually improved in condition and cough- 
ing animals were less frequently observed. A 
total of 15 (3%) ram lambs died. Serum 
samples collected from 16 rams in this flock on 
23 December, 1967, had neutralising antibody 
to the CSL6 virus, and the titres of samples col- 
lected 10 days later from the same animals 
showed little change. 
Furm C-A flock of 300-400 Corriedale sheep 
5 months of age was dipped on 29 and 30 Decem- 
ber 1967. No clinical signs of ill health, except 
some loss of condition, were noticed until 15 
January 1968, when the flock was driven into the 
yards. The affected animals were reported by the 
owner to lag behind the flock. They had a rapid 
shallow respiration, were depressed, and died 
quietly. About 20 sheep in this flock died over 
the next 3 days, but no older sheep on the farm 
were affected. The veterinary officer, Dr. L. 
Hooper, B.V.Sc., reported that on autopsy the 
only significant abnormalities were pneumonia 
and pleurisy of the anterior lobes of the lungs and 
the ventral portions of the other lobes. The 
pneumonia seen in the lungs forwarded to the 
laboratory was outstanding for three features: the 
almost solid texture of the hepatised areas, the 
multi-coloured appearance of a cut surface, and 
the presence of necrotic membranes in the bron- 
chioles. 
The owner reported subsequently that sporadic 
deaths occurred for approximately one month, 
but no further animals were examined at autopsy, 
and the balance of the sheep in the flock gradually 
improved in condition. The total number of 
deaths was 30 (7-10%). 
Virus Isolation 
Haemagglutinating viruses, which were neutra- 
lised by PI3 antiserum but not by PI1, P12, PI4A 
and PT4B antiserum at a dilution of 1 in 5, were 
isolated from sheep CSL6, CSL7 (Farm A); 
KGL1, KGL3 (Farm B); and MERl (Farm C). 
Mycoplasmas and Pasteurella spp were also isola- 
ted from the lungs from which virus was re- 
covered. 
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Antibody Titres agaimt Strains of 
PI3 Virus 
PZL WRS95 CSL6 Human 
2.6 2.6 1.7 2.2 
3.3 3.5 I .7 3.0 
3.0 3 .O 3.2 3.0 
2.6 I .9 1.3 3 .O 
- - _ _ _ _ ~  
Physical and Chemical Characterisation of 
Isolated Viruses 
All the viruses produced similar CPE in BK 
monolayers and intracytoplasmic eosinophilic in- 
clusions, similar to those described previously for 
PI3 virus (Deibel and Hotchin 1961), were seen 
in infected cells stained with haematoxylin and 
eosin. Haemadsorption of guinea-pig RBC to 
infected TC was detected before CPE became ap- 
parent. The more detailed examination of CSL6 
virus showed it to be ether and chloroform sen- 
sitive and that RDE-treated RBC were no longer 
agglutinated by it, and such cells would not ad- 
sorb to infected TC. 
The structure of virions of CSL6, KGL3 and 
MERl viruses was shown to be spherical or 
pleomorphic and characteristic of the para- 
myxoviruses ( Andrewes and Pereira 1967). The 
size of the approximately spherical particles of 
the CSL6 virus ranged from 114-258 mp, and 
the pleomorphic particles measured up to 2p 
in length. The diameter of the internal helical 
core was irpproximately 190A. 
Serology 
The results of the cross neutralisation tests 
using two cattle isolates of P13, a sheep strain and 
a human strain, are shown in Table 1. Each 
virus was neutralised to the highest titre by its 
homologous antiserum and to lower titres by 
antiserums prepared against the other viruses. 
A comparison of the neutralising antibody titres 
obtained with serums collected from cattle and 
sheep on separate farms, when they were tested 
against the CSL6 (sheep) and the PZL (cattle) 
viruses. i s  shown in Table 2. 
Transmi.wion Experiment 
The ewe S81 showed a temperature rise and 
increased respiratory rate between days 2 and 6 ,  
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condition. Both lambs had temperature rises 
between day 4 and the day they were killed. PI3 
virus was isolated from nasal swabs collected 
from ewe S81, between days 0 and 9, but not from 
tissues collected at autopsy. PI3 was isolated 
from the nasal swabs collected from lamb MA5 
on days 7 and 8 and from the lungs at autopsy, 
but was not isolated from nasal swabs or lungs 
of lamb MA6. Neutralising antibody and HI 
antibody appeared in the serum of the ewe on day 
6, but none appeared in the lambs up to the time 
they were killed. 
At  autopsy the lungs of the ewe had hepatised 
areas in all lobes ranging from 2 mm to 1 cm in 
diameter. No macroscopic lesions were seen in 
the lungs of either lamb although the lungs of all 
3 sheep when examined microscopically showed 
evidence of pneumonia. No mycoplasmas nor 
any significant bacteria were cultured from the 
lungs of the ewe or lambs. 
Discussion 
Five isolations of PI3 virus were made from 
the lungs of sheep from three farms in central 
Victoria. Two of the viruses, CSL6 and CSL7, 
were isolated from successive generations of 
weaned lambs on one farm (A) at an interval 
of 10 months. Mycoplasmas and pasteurella 
organisms were isolated from those lungs in which 
virus was found, but a detailed study of these 
organisms was not undertaken. 
The field histories of pneumonia in sheep on 
the three properties are similar in that only one age 
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of sheep was involved on each farm, namely 
weaned lambs, which were 5 to 7 months of age 
at the time of virus isolation. On the farms B 
and C ,  normal farm handling procedures pro- 
bably precipitated the deaths of sheep which 
were already suffering from pneumonia; on farm 
B it was dipping, and on farm C it was driving 
the flock in hot weather. 
On farm A, where virtually all of the flock of 
weaned lambs in 1967 was involved, deaths were 
sporadic. Once pneumonia was diagnosed, 
handling of this flock was kept to a minimum. If 
these sheep had been driven or subjected to any 
severe exertion resulting in the vital capacity of 
heat exchange capability of the lungs being ex- 
ceeded, large numbers of deaths may have 
occurred. In this flock, the more important 
economic loss sustained was the severe check in 
growth rate. 
A significant neutralising antibody rise in 
serum (18-fold) from an initial low titre was de- 
monstrated in five randomly chosen members of 
the flock. If it is assumed that these lambs were 
representative of the flock, then infection with 
PI3 occurred in most sheep of the flock in the 
fortnight prior to 23 March 1967, the date the 
first serum sample was collected. 
However, most of the lambs had signs of clinical 
pneumonia for 2 months before this date. If PI3 
is considered of significance in the aetiology of 
the pneumonia on farm A, it may have been an 
additional infection rather than the primary cause 
of the observed signs. Further investigations 
are being carried out on this farm to determine 
whether PI3 moves slowly through a flock or if, 
in fact, other agents can initiate the pneumonia 
and PI3 virus is little more than a secondary in- 
vader. It may well be that there are two or 
more important, independently operating, 
primary causes of pneumonia of sheep in Australia 
of which PI3 is but one. 
Three of the viruses, one from each flock of 
sheep, were found to be structurally similar to 
paramyxoviruses in the electron microscope, but 
the structure of the other two was not determined. 
All five viruses isolated from sheep were identi- 
fied serologically as PI3 virus, but only one of 
these was compared in detail with cattle and 
human strains of PI3 virus. When antiserums 
produced in rabbits were used in cross neutralisa- 
tion tests, there appeared to be greater antigenic 
similarity between the human and cattle strains 
than between these two viruses and the sheep 
virus. 
Hore and Stevenson (1966) reported that their 
sheep strains of PI3 were closely related to a 
cattle strain, though not identical. Our results 
with antiserums produced in rabbits indicate that 
the serological relationships between the cattle and 
sheep strains of virus used in this study are closer 
one way than the other. The cattle virus detected 
antibody to a higher titre than did the sheep 
virus in all five serums from naturally infected 
cattle. In tests on five sheep serums the differ- 
ences between the titres were not consistent. Only 
3 of the 5 sheep serums had higher titres against 
the sheep than against the cattle virus. Many 
more serums would have to be tested to discover 
whether the apparent antigenic differences are 
the result of variation between infecting strains 
within a species or possible cross infections be- 
tween species. There could be a range of anti- 
genic differences amongst viruses isolated from 
both species in addition to an overlap between 
viruses isolated from cattle, sheep or human be- 
ings. 
The ewe into which PI3 virus was inoculated 
responded with a temperature rise and mild 
clinical pneumonia, but it recovered when circu- 
lating antibody appeared in its serum. Both in- 
contact lambs had minor temperature rises, but 
virus was recovered from only one of them. 
Bacteria and mycoplasmas were not present in 
significant numbers, but if these organisms had 
invaded the lungs, the illness may have been 
more serious. This preliminary experiment indi- 
cates that the virus was transmitted from the ewe 
to at least one of her lambs, but the experiment 
does not reproduce a field situation and does not 
prove that PI3 virus is necessarily the main 
aetiological agent in sheep pneumonia. 
This is the first report of the isolation of PI3 
virus from sheep in Australia, but it is not implied 
that the virus is new to Australia. The import- 
ance of PI3 virus, as a cause of pneumonia in 
Australia, has yet to be established. As a step 
toward a fuller understanding of its importance, a 
serological survey is being undertaken to esti- 
mate the incidence and distribution of infection 
with PI3 virus in Australian sheep. 
Summary 
The isolation of Myxovirus parainfluenza type 
3 from the pneumonic lungs of five sheep in three 
separate flocks in Australia is reported. 
One of these viruses (CSL6), when compared 
with two cattle PI3 viruses and one human PI3 
virus, appeared to be antigenically closely related, 
but not identical to the other viruses. 
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Mild pneumonia was produced in sheep when 
they were exposed to the CSL6 virus under ex- 
perimental conditions. 
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ACTIVELY AND PASSIVELY ACQUIRED ANTIBODY TO 
MUCOSAL DISEASE AND PARAINFLUENZA TYPE 3 VIRUSES IN SHEEP 
T. D. ST.GEORGE,* M.V.Sc. 
C.S.I.R.O., Division of Animal Health, Animal Health Research Laboratory, 
Parkville, Victoria, 3052 
Introduction 
In  1963 a flock of 12-18-month-old pregnant 
Merino crossbred ewes was introduced onto a 
field station (farm A) belonging to this labora- 
tory. Serum samples obtained from these sheep 
prevented the growth of mucosal disease (MD) 
virus when included in tissue culture media. In- 
vestigations were made of this inhibiting factor 
to MD virus in the ewes and lambs of this flock 
to determine whether it was antibody or whether 
it behaved as a non-specific inhibitor, and an at- 
tempt was made to isolate the agent responsible 
for producing it. 
Low .titres of antibody to a human strain of 
para-influenza type 3 virus (PI3) were also 
found in sheep from this same flock (St. George 
and French 1966). When a sheep strain of PI3 
virus was isolated from a flock on another farm 
(farm B) (St. George 1969), antibody to PI3 
virus in the field station flock (farm A) was also 
studied in parallel by the use of the PI3 strain 
homologous to the species. 
Materials and Methods 
Farm A 
Sheep. The initial flock was established by the pur- 
chase of 38 ewes in July 1963. Its composition varied 
over the period because of the introduction of rams and 
natural increase, the removal of ewes or lambs for use 
in other experiments, and the sale of excess lambs. 
The number of lambs born was 35 in 1963, 36 in 1964 
and 20 in 1965. Stray dogs killed part of the flock in 
1966. 
Serum Samples. 
Blood samples were collected from the flock in July 
1963, October and November 1964, and January and 
July 1965. In addition, the lambs born in July-August 
1965 were bled on the day of birth (11 of them before 
suckling), the day following, and at weekly intervals 
thereafter until April 1967, when the study of the lambs 
was terminated. Their mothers were bled on the day 
of lambing in 1965, the following day, and then monthly 
for 5 months. Some surviving ewes were bled in 
November 1966 and in March and August 1967. 
Serology 
After separation from the clot, serums were stored 
at -20°C. Serums were heated at 56°C for 30 minutes 
before being tested. 
*Present address: CSIRO Division of Animal Health, 
Long Pocket Laboratories, Indooroopiily. Queensland. 
4066. 
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The tests on serum samples were carried out a t  vary- 
ing intervals after collection. From the results obtained, 
the serum samples from certain sheep or lambs were 
selected for more precise studies. To overcome techni- 
cal variation between tests all serial serum samples 
from a single animal, or from sets of twins, or from a 
ewe and her lambs, were tested on the same day. 
All available serum samples from five ewes were 
tested in this manner, and also the serum samples col- 
lected in the first 6 months of life from the twins born 
in 1965 to 2 of these 5 ewes. A limited examination 
only was made of the decline of maternal antibody 
in the other 16 lambs born in 1965, by testing serum 
samples collected the day following birth, and at 4, 
8 and 12 weeks of age. Serum samples were tested 
undiluted and in three-fold dilutions. Titres of serum 
in the results are expressed as logz of the reciprocal of 
the 50% end-point as calculated by the method of 
Reed and Muench (1938). This conversion to log, 
was to allow a direct comparison with the results 
obtained in haemagglutination inhibition (HI) tests. 
The serum collected from one ewe on the day of 
lambing, the serum from her lamb collected before 
suckling and 24 hours later were each fractionated 
using a Sephadex column*. Fractions were eluted with 
0.15M sodium chloride containing 0.01M phosphate 
buffer (pH7.3). Each serum fraction and the whole 
serum were titrated for neutralising antibody to MD 
virus and PI3 virus. 
The MD serum neutralisation (SN) tests were per- 
formed using the C24V Oregon strain of mucosal 
disease virus in bovine testis tissue cultures (French and 
Snowdon 1964). For some limited tests, 5 tissue cul- 
tures (TC) per dilution were used, but for the more 
precise estimations of antibody 6 tissue cultures per 
serum dilution were used. The SN tests with PI3 virus 
were performed as described by St. George (1969). 
HI tests were done as described by Lennette and 
Schmidt (1964). The serums were adsorbed overnight 
at 4°C with 1% guinea-pig erythrocytes prior to test. 
Isolation of Virus 
Attempts were made to isolate MD virus from all 
sheep in the flock in April 1965. Nasal mucus and 
rectal faeces were collected with cotton wool swabs, 
which were shaken with 5 ml of Hanks’ solution con- 
taining 1000 units each of penicillin, streptomycin and 
nystatin**, and 0.25ml of this fluid was inoculated into 
each of four tissue cultures. The clots from the blood 
samples collected weekly in 1965 were stored at -20°C 
so that isolation of MD virus could be attempted if 
conversion from negative to positive antibody status 
occurred. 
Farm B 
To assess the possibility of the practical application 
of the equations for decay of antibody, serum samples 
+Sephadex G200. Pharmacia Uppsala Sweden. 
**Jlyrcstatin, E. R. Squibb’& Sons, ’New York, USA. 
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TABLE 1 
Active Infection of Sheep in the Flock on Farm A with Mucosal Disease Virus Determined by the Appearance 
of Antibody in the Serums 
Sheep with Antibody Conversion to Positive Conversion to Positive Total. 
at Purchase Julv 1963 bv October 1964 During 1965 Conversion 
Original ewes 17/38 16/22 516 38/38 
1963 lambs .... 11/14 0/3 14/14 
1964 lambs .... .... 11/38 11/38 
1965 lambs .... .... 0/20 0/20 
were collected from three separate flocks on the farm 
(B) from which the CSL6 strain of PI3 virus origin- 
ated. The number of sheep in the flocks from which 
serum samples were obtained were:- 
Flock 1 - 40 maiden ewes; 
Flock 2 - 19 lambs aged 7 months; 
Flock 3 - 29 lambs of similar age and origin to those 
The flock of sheep selected as the first sample (flock 
1) was later deemed too small to represent a popula- 
tion, so further samples were collected from a flock of 
7-months-old lambs, which had experienced natural 
infection with PI3 virus on the same farm. Until shortly 
before sampling, these lambs had been in two separate 
groups (flocks 2 and 3), and it was found that their 
antibody titres, when graphed, formed a high and a 
low titre group, which seemed to separate them into 
their original two populations. Though the sample 
numbers in the separate flocks were now small, they 
were dealt with separately in the statistical analysis. 
in flock 2. 
2w-l 0 2 4  
Results 
MD Antibody in Sheep on Farm A 
The movement of infection with a virus related 
to MD virus through the flock on farm A is sum- 
marked in Table 1. Of the 38 lambs born in 
1964, 27 which were from ewes with MD anti- 
body were positive for MD antibody at an age of 
one to three months, then later became negative. 
The remaining lambs were all from ewes without 
MD antibody at the time the lambs were born. 
Lambs from each of these groups subsequently 
developed antibody. 
Eleven of the 20 lambs born in 1965 were bled 
before suckling and found not to have antibody 
to MD virus. All had MD antibody the day after 
suckling. The titre of MD antibody in the serum 
- LEGEND - -= NEUT. ANTIBODY EWE 547 
c--+= NEUT.ANTIBODY LAMB T 3 0  
0-.- . - .0= NEUT.ANTIBODY EWE 545  
) ......... 0 -  NEUT. ANTIBODY LAMB T 2 7  
Figure 1 .  The antibody levels to C24V mucosal disease virus in two ewes, one with a high level and one 
with a low level, are compared with the level of the passively transfarred antibody in one of a set of twin 
lambs from each ewe. In both cases the values for Only one lamb of each set of twins are shown, as the 
antibody in the other twin closely corresponded. The lambs remained negativa for at least two years beyond 
the time shown on the graph. 
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of 16 of these lambs was higher than in the serum 
of their mothers. Of the four exceptions, the his- 
tory disclosed that one lamb was not allowed to 
suckle by its mother until the mother was penned 
and held some hours after lambing; a second lamb 
could not obtain milk as the mother's teats had 
firm wax plugs; and the other two lambs (each 
one of twins) had difficult births, and may not 
have been strong enough to get full access to 
colostrum. 
A comparison of the MD antibody status of 
two ewes and one of each of their sets of twin 
lambs is shown in Figure 1. 
Of the 5 ewes whose MD antibody titres were 
compared over a long period, 3 were positive at 
the time of purchase and 2 converted from nega- 
tive to positive antibody status at a later date. 
Once the antibody titre became stable the titre 
showed minor fluctuations for the remaining 
period of observation, namely 77, 92, 114, 11 8, 
170 weeks respectively. 
P13 Antibody in Flock on Farm A 
Of the 38 original ewes, 35 had PI3 antibody at 
the time of purchase. The only conversion from 
negative to positive for serum antibody known to 
occur in the flock was a 1964 lamb. This lamb 
was run with another flock for approximately a 
year before being returned to the main flock, and 
the conversion occurred in this period. No evi- 
dence is available as to how the infection of this 
lamb occurred. 
The one ewe without detectable SN or HI anti- 
body to PI3 when it lambed in 1965 had twin 
lambs, which were similarly negative. The other 
12 of the 13 ewes which had lambs in 1965 were 
positive for PI3 antibody, and their 18 lambs were 
also positive; 15 of the 18 had titres higher than 
their mothers. The lambs with lower titres of SN 
and HI antibody to PI3 virus than their mothers 
were among the 4 which had lower titres of MD 
antibody than their mothers. No PI3 antibody 
was present in the serum samples obtained from 
11 lambs before they suckled but was present in 
the sample collected the following day. Each of 
one pair of twins had a persistent low level of HI 
antibody (titre of 4 ) ,  which was the only evidence 
of non-specificity detected. 
A comparison of the PI3 antibody status of a 
ewe and one of her twin lambs in the first months 
of the lamb's life is shown in Figure 2. 
Of the five ewes whose PI3 antibody titres were 
compared over a prolonged period, the titres of 
both the neutralising and the HI antibody tended 
to be stable for the periods of observation which 
were 114, 118, 171, 171 and 214 weeks respec- 
tively. 
Serum Fractionation 
In both the ewe's serum and in the serum col- 
lected from her lamb one day after birth the anti- 
body to MD and PI3 viruses was confined to the 
globulin fraction of the serum and almost entirely 
in the 7s component. There was no antibody to 
MD virus or PI3 virus in the whole serum or the 
globulin and albumin fractions from the sample 
collected from the lamb prior to suckling. 
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Figure 2. The serum neutralising (SN) and haemagglutination inhibiting (HI) aetibodie-, to parainfluenza type 
3 virus in a ewe compared with the passively !ransferred SN and HI antibodies in one of her twin lambs. 
The antibody leva! in the other twin lamb closely corresponded to the c?e shown. 
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Statistical Analysis of Data on Maternal Anti- 
bodies in Lambs in Flock on Farm B 
The analysis of antibody relationships of lambs 
and their mothers was confined to the data avail- 
able from the lambs born in 1965 and their moth- 
ers. The data from those lambs where there was 
an explanation as to why the serum antibody titre 
the day after their birth was lower than that of 
the corresponding antibody in the mother were 
excluded from the analysis. 
Data have been examined by regression analy- 
sis. The variables used were: 
x1 = Age of lamb (weeks) 
x2 = Ewe’s titre at birth of lamb (logz) 
Y = Lamb’s titre at age x1 (log2) 
Analyses were done separately for MD and PI3 
The equations obtained were: 
MD (SN) : 
PI3 (HI) :  
PI3 (SN) : 
antibody. 
Y = 1.610 - 0.4389~1 + 0.9498~2 
Y = 0.316 - 0.4062~1 + 1.295~2 
Y = 2.331 - 0.4466~1 + 0.7877~2 
All regression coefficients are highly significant, 
and the regression equations were found to be 
significantly different. 
An estimate of the age at which a particular 
lamb would be unprotected may be calculated 
from the equation, provided the mother’s titre is 
known, and it is assumed for the model that when 
a lamb’s HI  or SN titre is 22 or less it is un- 
protected. However, what is required on a flock 
basis is an estimate of the age at which not more 
than a given percentage (P)  of the flock of lambs 
will be unprotected. This maternal antibody age 
could be calculated by inserting in the equation 
estimates of the P-percent points of the distribu- 
tion of ewes’ titres. 
From a graphical examination of data on SN 
antibody to PI3 virus for three flocks examined 
from farm B, it was obvious that the distributions 
for the flocks differed, and in one case was almost 
certainly not normal. Therefore, cumulative fre- 
quency percentages were plotted against titre and, 
from these graphs, estimates of the 5% and 50% 
points were obtained for each flock. 
The 50% points (medians) were then used in 
the prediction equation for PI3 (SN) antibody 
to obtain estimates of the ages at which 50% of 
lambs born to ewes in these three flocks would 
be unprotected, and the 5% points to estimate age 
at which not more than 5% of lambs would be 
unprotected; 95% fiducial limits of these esti- 




Estimated Age at which P% of Lambs would be 
95% Fiducial 
Flock P% Titre Maternal Protec- ~~~s~~~ 
Average Age 






1 5* 4.1 8.0 7.4- 8.5 
50* 5.5 10.4 10.1 - 10.8 
2 5 0  0.7 0 - 2.5 
50 2.1 4.4 3.3 - 5.6 
3 5 2.6 5.3 4.3 - 6.3 
50 5.1 9.7 9.4 - 10.8 
“Portion of population with lowest titre. 
Virus Isolation 
MD virus was not isolated from nasal or rectal 
swabs or blood samples collected from sheep on 
farm A. 
Discussion 
In the flock under study on farm A, some sheep 
acquired MD antibody between July 1963 and 
July 1965 in three separate generations. The first 
evidence of passive transfer of this antibody was 
found with the lambs born in 1964, when all of 
the lambs with MD antibody at one to three 
months of age were from mothers with antibody, 
whereas the lambs that had no antibody were 
from mothers without it. Five of the ewes with- 
out antibody at the 1964 lambing acquired it be- 
fore the 1965 lambing. Their 1965 lambs all had 
MD antibody. 
The 1965 lambs yielded more direct evidence 
of transfer of specific antibody. Mucosal disease 
antibody was not present before the lambs 
suckled, but it was present the following day. For 
16 of the 20 lambs the serum antibody level was 
higher than that in the mother. 
For two of the four exceptions where the anti- 
body was lower, there was a known history of 
delay in the lamb obtaining colostrum. As the 
ability to transfer antibody across the intestinal 
wall is progressively lost by a lamb within 36 
hours of birth (Brambell 1958), this delay could 
account for the reduced amount of antibody in 
the circulation of the lamb. The only explana- 
tion, other than individual variation, which can be 
advanced for the other two exceptions was that 
each of the lambs was one of twins, and they may 
not have received a full share of the available 
colostrum in the first 36 hours of life. 
The occurrence of antibody to the C24V 
strain of MD virus in sheep serum in Australia 
was reported by French and Snowdon (1964). 
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Bogel (1964) found antibody in sheep in Ger- 
many to a cattle strain of MD virus closely related 
to the C24V strain. He determined that this anti- 
body was in the globulin fraction of the serum as 
has been shown with one example here. Siebold 
and Dougherty (1967) detected antibody to a 
cattle strain of MD virus in pools of sheep serum 
which were to be used in tissue culture media. 
The isolation of an MD virus from sheep has not 
been reported nor has clinical disease been attri- 
buted to such a virus. No MD virus was isolated 
from the experimental flock by the methods used 
in this study. 
The only occurrence of actively produced anti- 
body to P13 virus in the flock on farm A was in 
the original ewes, and in one sheep which prob- 
ably acquired infection while away from the main 
flock. No serological evidence of spread within 
the flock was found, suggesting that no sheep in 
this small flock was a carrier of PI3 virus. 
In the 1965 lambs on farm A, SN antibody to 
PI3 virus was transferred from the ewes to their 
lambs after suckling, but there was no evidence 
of PI3 antibody in the twin lambs from the ewe 
without PI3 antibody. While no conclusions can 
be drawn from such a small flock, the occurrence 
of non-specific inhibition of PI3 haemagglutinin 
in the serums of one set of twin lambs suggests 
that reaction at the dilution of # may not be evi- 
dence of infection. This is below the minimum 
dilution of ?h suggested by Lennette and Schmidt 
(1964) for use in human diagnostic tests. 
In an individual ewe with high antibody to 
either PI3 or MD viruses the level of the anti- 
body to the other virus was not necessarily also 
high, but the antibody detected by both SN and 
HI tests appeared to remain at the same level 
throughout the period of observations. The per- 
sistence of antibody for PI3 indicates that the HI 
test could be as useful for detecting infection of 
sheep with this virus as the more cumbersome 
neutralisation test. 
Fischman (1965) found antibody to a human 
and a cattle strain of PI3 virus in sheep. Most 
serums that he found to be positive for HI anti- 
body also had SN antibody. In a more extensive 
study using these strains, Fischman (1967) 
sampled 13 lambs at monthly intervals for five 
months and found serological evidence of active 
infection with these viruses. The correlation be- 
tween HI and SN tests improved as the lambs 
became older. He demonstrated that the HI anti- 
body was not present in seven of eight newborn 
lambs, and that the serum titres of four lambs at 
three to five days of age approximated that of 
their mothers. 
Faye and Charton (1967) held five ewes with 
PI3 antibody under supervision during lambing, 
so that blood samples could be collected before 
the lambs obtained colostrum. The pre-colostral 
serums from the lambs had HI titres of 10 to 40, 
which these writers considered to be non-specific. 
Each of these lambs had developed an HI titre 
higher than that of its mother when tested two or 
four weeks later. In three of these five the HI 
titre was shown tc have declined two or four 
weeks after the initial sample was collected, but 
the data was not comprehensive enough for com- 
parison with the findings of this paper. 
The rate of decline of maternal serum neutralis- 
ing antibody is very similar for MD and PI3 
(Figures 1 and 2). The slope of the line illus- 
trating the decline of PI3 HI antibody appears to 
be slightly less than that of SN antibody. How- 
ever, the mathematical confirmation that the rate 
of decay for MD and PI3 antibodies as deter- 
mined by SN tests is not the same, means that the 
equations derived for these viruses may not be 
used without error for other viruses. By use of 
these equations the antibody level to MD and PI3 
viruses in a flock of ewes might be used to predict 
the approximate time at which the lambs would 
have lost their antibody to the particular virus, 
and hence when the lambs would become suscep- 
tible to infection. 
If vaccination with a live vaccine were to be 
considered as a means of control of PI3 virus in- 
fection in a flock, the age at which lambs could 
be vaccinated would be influenced by the level of 
antibody in the mothers. The ideal age to vaccin- 
ate would be that at which antibody has fallen just 
below a level where the live vaccine would be in- 
effective. As variation occurred from flock to 
flock in the predicted average age at which 50% 
of the lambs in each of three flocks on the one 
farm (B)  lost their maternal antibody, it would 
be unlikely that a general recommendation could 
be made. 
The second possibility would be to use a killed 
vaccine with or without an adjuvant. If fat lambs 
are being raised, sufficient protection by maternal 
antibody could be provided by vaccination of the 
ewes prior to lambing. If the lambs are to be re- 
tained for breeding, most of them could be vac- 
cinated at one month of age even when the flock 
had the low average titres of flock 2. If the ewes 
do not have antibody, then the lambs are un- 
protected from birth, but the likelihood of a flock 
in Australia having no antibody protection is low. 
A serological survey of flocks throughout Aus- 
tralia (St. George 1971) has shown that at least 
87% of flocks have antibody to parainfluenza 3 
virus. 
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Summary 
Serological evidence was presented to show that 
an agent serologically related to mucosal disease 
virus infected a flock of sheep in two successive 
years. Infection was demonstrated by the appear- 
ance of antibody in lambs born in three different 
seasons. The antibody titres in five ewes were 
stable for the periods of observation, which were 
77, 92, 114, 118, and 170 weeks respectively. 
The antibody was almost entirely in the 7s com- 
ponent of the globulin in the serum. The anti- 
body to mucosal disease virus appeared in the 
serum of lambs born to ewes with antibody after 
the lambs had received colostrum. 
Antibody to parainfluenza 3 virus, measured 
by haemagglutination inhibition or by serum 
neutralisation, was stable in the same five ewes 
for the whole period they were under observation, 
namely, 114, 118, 171, 171 and 214 weeks re- 
spectively. The antibody to parainfluenza 3 virus 
was also almost entirely in the 7 s  component of 
the serum and appeared in lambs born to ewes 
with antibody after the lambs had received colos- 
trum. 
The decline of maternal antibody to mucosal 
disease and parainfluenza 3 viruses was measured 
in a flock of 20 lambs for six months. Regression 
equations were formulated to describe the re- 
lationship of the lambs’ titre at a given age to that 
of its mother as the time of birth, for mucosal dis- 
ease serum neutralising antibody and for serum 
neutralising and haemagglutination inhibiting 
antibodies to parainfluenza 3 virus. 
By the use of the regression equations it was 
found that the age when the antibody level in 
50% of lambs born to sheep in three flocks on a 
second farm would fall below a titre of four (an 
arbitrary protective level) was 4.4, 9.7 and 10.4 
weeks respectively. 
Acknowledgments 
I would like to thank Dr. E. L. French for his 
guidance in this work, and Miss N. Ditchburn and 
Mr. P. J. Pahl, B.Sc., of CSIRO Division of 
Mathematical Statistics, for their analysis of the 
results of this work and much helpful advice. The 
chromatographic separation of serum samples was 
carried out by Dr. A. E. Pierce. The technical 
assistance of Mr. D. F. R. Davey, Mrs. R. Paxton, 
Dip.Appl.Biol., and Mr. N. E. Southern, 
A. A .I. M . L .T . , is gratefully acknowledged. 
References 
Bogel, K. (1964)-Zentbl. Vet.  Med. 1 1 B  687. 
Brambell, F. W. R. (1958)-Biol. Rev. 33: 488. 
Faye, P. and Charton, A. (1967)-Recl. Med. vet. Ec. 
Affort 143: 1225. 
Fischman, H .  R. (1965)-Proc. SOC. exp. Biol. Med. 
118: 725. 
Fischman, H. R. (1967)-Am. J .  Epidem. 85: 272. 
French, E. L. and Snowdon, W. A. (1964)-Aust. vet. 
J .  40: 99. 
Lennette, E. H. and Schmidt, Natalie J. eds. (1964)- 
“Diagnostic procedures for viral and rickettsia1 
diseases”, 3rd ed. American Public Health Assn., New 
York. 
Reed, L. J. and Muench, H. (1938)-Am. J. H y g .  27: 
493. 
St. George, T. D. (1969)-Aust. vet. J .  45: 321. 
St. George, T. D. (1971)-Aust. vet. J .  47: 370. 
St. George, T. D. and French, E. L. (1966)--Aust. vet. 
J .  42 -438 .  
Res. 28 137. 
Siebold, H. R. and Dougherty, E. (1967)-Am. 1. vet. 
Vogel, J .  and Shelokov, A. (1957)--Science, N .Y .  126: 
358. 
(Received for publication 18 December 1969) 
BOOK REVIEW 
NOMINA ANATOMICA VETERINARIA 
Veterinary anatomists in Australia have been informed 
of the publication of this nomenclature of gross 
anatomy, but the news may have failed to reach many 
other members of the profession who will be interested 
in the publication. 
There are few veterinarians who have not suffered at 
the diversity of names given to certain specific anatomi- 
cal structures at some time during their career. This 
determined effort to establish a uniform system of names 
must therefore be welcomed by all. 
The book* costs very little, and therefore one has no 
hesitation in recommending it to every veterinarian. It 
*International Committee on Veterinary Anatomical 
Womenc‘ature. Nomina Anatomica Veterinaria. sub- 
mitted- by the International committee on Veterinary 
Anatomical Nomenclature and adopted by the General 
Assembly of the World Association of Veterinary Anata- 
mists. Paris, 1967. Vienna International Committee on 
Veterinary Nomenclature i 9 6 8 .  pp. 146 $US5.00 Obtain- 
able from Professor Hodard Evans, N.Y. State Veterin- 
ary College. Cornell University, Ithaca, N.Y. 14850. 
U.S.A. 
is hardly possible to record one’s opinions or scientific 
investigations without using an anatomical name. The 
success of this initial effort by specialists depends upon 
the willingness of all of us to support it. 
It is printed in Latin with 555 footnotes in English, 
and is an adaptation and expansion of Nomina Ana- 
tomica to meet the requirements of comparative anatomy 
and veterinary medicine. Hence, as far as it is possible 
and practicable, veterinary anatomical nomenclature now 
corresponds with human anatomical nomenclature. 
This is the first international nomenclature of veterin- 
ary anatomy to be accepted and published, and an 
authoritative reference work for all who use anatomical 
terms. It is to be hoped that all veterinarians and 
especially those engaged in teaching and the publication 
of veterinary literature, will adopt this nomenclature, 
therfeby helping to eliminate many redundant and often 
confusing terms from our professional vocabulary. 
Michael Bryden and C. R. E. Halnan 
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A SURVEY OF SHEEP THROUGHOUT AUSTRALIA FOR 
ANTIBODY TO PARAmFLUENZA TYPE 3 VIRUS 
AND TO MUCOSAL DISEASE VIRUS 
T. D. ST. GEORGE*, B.V.Sc. 
CSIRO Division of Animal Health, Animal Health Research Laboratory, 
Private Bag No.  1 ,  P.O., 
Introduction 
A survey to determine the incidence in sheep 
of antibody to parainfluenza type 3 virus (PI3) 
and to mucosal disease virus (MD) was under- 
taken on an Australia-wide basis. The incidence 
of these antibodies in cattle was shown to be 
88.4% for PI3 antibody (St. George 1969a) 
and 60.6% for MD antibody (St. George et a1 
1967). The isolation of PI3 virus from sheep 
with pneumonia was reported by St. George 
(1969b). The isolation of MD virus from sheep 
has not been reported nor has it been incriminated 
as a cause of disease in sheep. However, antibody 
to MD virus was found in the serum of sheep 
in Australia (French and Snowdon 1964), Ger- 
many (Bogel 1964) and USA (Siebold and 
Dougherty 1967). 
Materials and Methods 
Sampling Plan 
The survey method used was basically that put for- 
ward by Robson and Baker (1957) and modified by 
Robson (1959) and Kahrs ef a1 (1964). Two serum 
samples from each of 500 flocks throughout Australia 
were to be collected. The number of flocks to be 
sampled in a particular area was proportionate to the 
density of sheep population. The number of sheep in 
each statistical district at 31 March 1963 were used to 
determine the proportion of the 500 flocks to be allo- 
cated to each statistical district. Some districts with a 
small sheep population were joined with an adjacent 
district. The sheep population of the Northern Territory 
and some other areas was too low to be tested in this 
type of survey. The sheep population of the Australian 
Capital Territory (ACT) was considered together with 
that of the Southern Tableland District of New South 
Wales by which it is entirely surrounded. 
The quota of sheep to be sampled in each area was 
determined by the formula: 
Quota for district A = 
Number of sheep in district A x 1000 
Number of sheep in Australia 
The total number of sheep in Australia was 
158,626,000 (Anon 1968). The resulting dividend was 
rounded off to the nearest even number. 
Through the co-operation of the Chief Veterinary 
Officers of the States and the ACT, serum samples were 
collected by officers of their departments according to 
~~ _ _ ~  
*Present address: CSIRO Division of Animal Health, 
Long Pocket Laboratories, Private Bag No. 3, P.O.,  
Indooroopillr. Queensland. 4068 
370 
Parkville, Victoria 3052 
the quota for the particular district. It was stipulated 
that serum samples were to be collected from sheep 
born on the property, that were 6 months of age or 
older, and from flocks in which pneumonia was not 
known to occur. Serum samples were stored at -20°C 
until tested. 
M D  Neutralisation Test 
The MD serum neutralisation (SN) test as described 
by French and Snowdon (1964) was used except that 
the tests were read at 7 days. All serums were initially 
tested at a dilution of 1/5 with two bovine testis tissue 
cultures per serum. Serum positive at this dilution were 
titrated in a single test with three-fold dilution steps 
beginning at 1/10. Titres were calculated by the method 
of Reed and Muench (1938). 
PI3 Neutralisation Test 
The PI3 serum neutralisation test was carried out 
as described by St. George (1969b), with the CSL6 
(sheep) strain of PI3 virus. All serums were screened 
initially for antibody at a dilution of 1/5. Sixty serums 
with PI3 antibody were selected by the use of a table 
of random numbers and titrated in a single test using 
three-fold dilutions to obtain an estimate of the range 
of titres to be expected. 
Data Collected with Each Sample 
The name and address of the owner, location of the 
farm, age, sex and breed of the sheep and, in some 
cases, whether cattle were present on the farm, were 
recorded. Theee data were punched on to Hollerith 
cards, along with the average rainfall in the area of 
the farm, the approximate latitude of the farm and 
the serological results obtained. The data were sorted 
by use of the CDC 3600 Computer, CSIRO Division 
of Computing Research, Canberra, and from the result- 
ant tables, some factors, which appeared to be related, 
were selected for analysis. 
Results 
Of the 51 districts from which samples were 
required, the quota was filled in 33, partially 
filled in 14 others, and no samples at all were 
received from four districts in Western Australia. 
Where more serum samples were received from 
a district officer than were required for his 
quota the later ones on his list were deleted for 
the purpose of the survey. The serum samples 
were collected between 2 October 1967 and 8 
August 1968, the bulk of them in the first 4 
months of this period. 
PI3 antibody was present in the serums of 
sheep from all districts from which samples were 
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TABLE 1 
from Sheep in Australian States 
Sheep Flocks 
Neutralising Antibody to  Parainfluenza Type 3 ( P l 3 )  and Mucosal Disease ( M D )  Viruses in Serum Samples 







Positive Positive Positive 
MD No. PI 3 MD 
Antibody Tested Antibody Antibody 
% % % 
NSW 444 410 79 10 205 90 15 
Vic 172 172 83 12 86 91 17 
Qd 144 112 57 1 56 75 2 
SA 100 94 81 6 47 85 11 
WA 118 22 82 5 11 91 9 
Tas 22 22 64 0 11 73 0 
1 .ooo 832 76.5 8.2 416 87 13 
obtained. The distribution of MD antibody was 
much more restricted, and it was not found in 
the small number of serums from Tasmania. 
The data obtained from the survey has been 
tabulated as follows: by the State of origin in 
Table 1 ,  by age of sheep in Table 2, by breed in 
Table 3, by sex in Table 4, by latitude of farm 
of origin in Table 5, by average rainfall in the 
area of the farm in Table 6, and by presence or 
absence of cattle in Table 7. A discrepancy be- 
tween the total of serums in Table 1 and Tables 
2 to 7 is apparent because the sheep from Western 
Australia were deleted from the analysis since 
only 12% of the quota was received from that 
State. 
On the assumption that the sample is r e p  
resentative of the sheep population, the estimate 
of the maximum error for a survey of this size 
as described by Robson and Baker (1957) is * 3.5%, that is, the true incidence of PI3 anti- 
body lies between 73% and 80% at 95% level 
of probability. The estimate of MD incidence lies 
TABLE 2 
The Relationship of Age to the Incidence of  Neutralis- 
ing Antibody to Parainfluenza Type 3 Virus (P13) and 
Mucosal Disease ( M D )  Viruses in Sheep 
Sheep Positive Sheep Positive 
A -a Total for PI3 for MD 
Sheep Antibody Antibody (iE) Tested 
Number % Number % 
~ 
6-12 99 55 56 5 5 
13-18 171 126 74 13 8 
19-30 109 83 76 8 7 
3 1-42 86 67 78 7 8 
Over 42 339 284 84 33 10 
TABLE 3 
The Relationship of Breed to the Incidence of Neutralis- 
ing Antibody to Parainfluenza Type 3 (P13) and 
Mucosal Disease ( M D )  Viruses in Sheep 
Sheep Positive Sheep Positive 
Total for PI3 for MD 
Breed Sheep Antibody Antibody 
Tested 
Number % Number % 
Merino 471 355 75 30 6 
Polwarth & 
Zenith 20 16 80 0 0 
Corriedale 73 59 81 5 7 
Crossbred 154 124 81 16 10 
British breeds 86 61 71 15 17 
804 615 76.5 66 8.2 
between 4.7% and 11.7% at this level of prob- 
ability. The range of the titres of positive serums 
is shown in Table 8. The geometric means of the 
titres were 45 for PI3 antibody and 39 for MD 
antibody. 
The factors for statistical analysis were chosen 
by the statistician, Mr. J. D. Kerr, B.Sc., after 
TABLE 4 
The Relationship of Sex to  the Incidence of Neutralis- 
ing Antibody fo Parainfluenza Type 3 (P13) and 
Mucoiral Disease ( M D )  Viruses in Sheep 
Sheep Positive Sheep Positive 
for MD Total for PI3 
Sex Sheep Antibodv Antibodv 
Tested 
Number % Number % 
Ewe 478 387 81 48 10 
Wether 247 182 74 11 4 
Ram & Staa* 79 46 58 7 9 
~ .~ 
804 615 76.5 66 8.2 804 615 76.5 66 8.2 
*Stag is a male castrated after sexual maturity. 
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TABLE 5 
The ReIation3hhip of Latitude to the Incidence of 
Neutralising Antibody to Parainfluenza Type 3 (P13) 
and Mucosal Disease ( M D )  Viruses in Flocks of Sheep 
Flocks Positive Flocks Positive 
Total for P13 for MD 
Latitude Flocks Antibody Antibody 
Tested 
Number % Number % 
North of 25" 31 21 68 1 3 
25"-30" 55 45 82 2 4 
30"-35" 153 141 92 25 16 
South of 35" 152 133 88 21 14 
391 340 87 49 13 
inspecting the data. Significance tests should be 
regarded cautiously as his analysis was intended 
to determine interesting aspects of the data rather 
than to test any specific disease model. The re- 
sults of individual animals were tabulated to- 
gether with rainfall, latitude, breed, age, sex and 
State, and the results were statistically analysed 
for the effect of latitude, breed, age and sex 
simultaneously. The farm data were analysed by 
rainfall, latitude and breed simultaneously, be- 
cause in only 2% of the farms was the breed 
of the two sheep not the same. 
For both infections there was a significant (at 
95 o/o level of probability) relationship between 
latitude and the incidence of antibody, an in- 
creasing incidence with age and different in- 
cidences for the sexes? but no relationship to 
rainfall. For PI3 infection, the interaction of 
latitude and sex was significant and the inter- 
action of sex and age was nearly significant. 
Discusdon 
Few serological surveys for PI3 antibody in 
sheep have been reported and most have not been 
comprehensive. Fischman (1965) found 89% of 
37 sheep serums collected at one abattoir in the 
TABLE 6 
The Relationship of Average Annual Rainfall to the 
Incidence of Neutralising Antibody to Parainfluenza 
Type 3 (PIS) and Mucosal Disease ( M D )  Viruses in 
Flocks of Sheep 
Average Positive for Positive for 
Annual Pi3 Antibody MD Antibody 
Rainfall Fzz 
(inches) Number % Number % 
~ 
< 15 63 54 86 8 13 
15-20 116 101 87 IS 13 
> 20 212 185 87 26 12 
391 340 87 49 13 
TABLE 1 
The Percentage of Flocks with Neutralising Antibody to 
Parainfluenza Type 3 (P13) and Mucosal Disease ( M D )  
Viruses in Relation to Cattle Kept  on the Same Farm 
~~~~ ~~ 
~~~~l Positivo for Positive for 
Flocks PI3 Antibody MD Antibody Cattle on 
Farm Tested Number % Number % 
YeS 267 227 85 33 12 
No 35 33 94 2 6 
USA had haemagglutination inhibiting (HI) anti- 
body and 81% had SN antibody. Fischman 
(1967) found 80% of 121 sheep from five States 
in USA with HI antibody at a titre of 40 or 
greater, and 66% of the same serum had SN 
antibody. Provost et a1 (1967) found that 23 of 
29 sheep in central Africa had HI titres greater 
than 10 and Faye et al (1967) reported 80% of 
30 ewes in France had titres over 160. Singh and 
Ata (1967) found 10 of 64 sheep serums col- 
lected at the abattoirs in Cairo, United Arab 
Republic, had HI and SN antibodies. Lange 
(1967) found 65.5% of 90 sheep in Syria with 
antibody. Howe et a1 (1966) detected HI anti- 
body at a titre of 20 or greater in 6 of 55 Big- 
horn sheep (Ovis canadienis) from Montana and 
Wyoming, USA. The tests in each of these sur- 
veys were carried out with PI3 viruses of human 
or bovine origin. Hore (1 969) carried out a larger 
survey and found 53% of 500 sheep in 35 flocks 
in England and Scotland with HI antibody to a 
PI3 antigen of sheep origin. 
The occurrence in Australia of antibody in 
sheep to the C24V strain of MD virus has been 
reported previously (French and Snowdon 1964). 
They found 14% of 208 serums from Victoria 
and 24% of 59 serums from Tasmania had 
antibody. Bogel (1 964) found antibody in sheep 
(37.6% of 314 sheep) in Germany to a strain 
of MD virus closely related to the C24V strain 
of MD virus. In the USA, Siebold and Dougherty 
(1967) reported antibody in pools of sheep serum. 
In the present survey only 83% of the target 
number of samples was collected. However, if 
TABLE 8 
The Distribution of Titres of Antibody to Parainfluenza 
Type 3 (P13) and to Mucosnl Disease ( M D )  Viruses in 
Serums Positive at a Titre of S or Greater 
Percentage of Serums with Titre of 
Antibody to 
5-10 11-30 31-90 91-270 > 270 
16 8 PI3 virus 10 21 45 
MD virus 23.5 25 23.5 20 8 
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the samples from the Western Australian sheep are 
excluded, the response was 92% and can be 
claimed to be a representative sample of the rest 
of the Australian sheep flock. Two serum 
samples per flock were tested, so the estimate of 
the flock incidence of antibodies is probably a 
minimum and individual flocks with a low in- 
cidence of P13 or MD antibodies could easily be 
classified as a negative in this survey. However, 
the survey has shown that P13 infection occurs 
throughout the sheep population of Australia, and 
the average incidence of antibodies is high (76% 
of sheep sampled in 87% of flocks). Such a high 
incidence of antibody without a corresponding 
high incidence of clinical respiratory disease in- 
dicates that much of PI3 infection is sub-clinical 
In contrast, the average incidence of MD in- 
fection is low, only 8% of sheep examined having 
antibody in 13% of flocks. This low incidence 
of MD antibody in sheep is also in contrast to the 
results from a survey of cattle, which showed 
that 60.6% of cattle and 89% of herds had MD 
antibody to the same strain of virus (St. George 
et a1 1967). 
The sheep in all States had a high incidence 
of PI3 antibody, the highest incidence being in 
Victoria and the lowest in Queensland. Victoria 
has the most dense sheep population and Queens- 
land the least dense. The increase in incidence 
from north to south is also apparent when paral- 
lels of latitude are used to divide the sheep pop- 
ulation instead of State boundaries. 
There is evidence in Table 2 that the incidence 
of PI3 antibody increases with age as was found 
by Hore (1969) in Britain. This means that al- 
though a majority (56%) of Australian sheep 
become infected in their first year of life, in- 
fections do occur in sheep of ages up to at least 
42 months. The total average incidence of MD 
antibody was much lower that that of PI3 anti- 
body, but there was also an increasing incidence 
with age, from 5% between 6 and 12 months to 
10% in sheep over 42 months of age. 
The different incidences of antibody to both 
viruses shown by various breeds or groups of 
breeds (Table 3) is probably influenced by hus- 
bandry practices rather than by differences in 
breed susceptibility. The highest incidences of 
PI3 antibody were found in Corriedale, crossbred 
sheep, and Polwarths which are found more 
abundantly in the areas of more intensive stock- 
ing. The pure Merinos tend to be in areas with 
less improved pasture and hence lower stocking 
rates with a decrease in opportunity for spread 
of a respiratory virus, but the breed differences 
were not found to be significant. In contrast, a 
significantly higher incidence of MD antibody was 
found in British breeds, which are found in the 
more intensively stocked areas. No explanation 
can be advanced for this finding as the method 
of spread of MD virus is not known. 
The lower incidence of PI3 antibody in rams 
(Table 4) may be a result of husbandry practices. 
Rams are separated from the rest of the flock 
early in life, and usually do not rejoin the flock 
until they are over 12 months of age. Thus they 
have less chance to encounter older animals after 
they lose maternal antibody. No explanation can 
be advanced for the difference of incidences in the 
sexes of MD antibody. 
Only 12% of the farms where information 
about the presence of cattle was available did 
not have any cattle. The information on the 
presence or absence of cattle on the farm was 
sought for only part of the survey, as the question 
arose only after the survey had commenced. The 
incidence for PI3 was 97% for farms without 
cattle and 85% for farms with cattle. In contrast, 
it was found that only 2 of 34 ( 6 % )  flocks where 
there were no cattle on the same farm had MD 
antibody, whereas 36 of 245 (13%) flocks on 
farms with cattle had antibody. Data concerning 
the presence of cattle on the farm related only 
to the time of serum collection and did not take 
into account whether cattle may have run with 
the sheep at some other time in their lives. 
Also, for the survey in general, it was not as- 
certained how many cattle there were on the farms 
from which most of the sheep serums were col- 
lected and whether the sheep could possibly 
have had contact, Thus, the evidence is not con- 
clusive, but it does suggest that sheep may be 
infected with MD virus by cattle, and that spread 
of this virus among sheep may be limited. 
The mean of the antibody titre to MD virus 
and PI3 virus in the serums which were titrated 
was similar, but the distribution of titres was 
different (Table 8). No attempt was made to 
analyse the influence of age on the PI3 titre 
as was done by Hore (1969). 
The only interacting factors that were sig- 
nificant were those of latitude and sex, with sex 
and age almost significant. The latter interaction 
is probably the result of ewes being kept to a 
greater age than rams or wethers. It would need 
a somewhat larger survey to provide large enough 
groups to examine all the interacting factors. 
In zones spanning 5" of latitude, from the 
north to the south of Australia, there was an 
increase in the incidence of PI3 antibody (68%, 
82%, 92%, 88% of sheep) and an increase in 
the percentage incidence of MD antibody (3%, 
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4%, 16%, 14% of sheep). The differences were 
significant for both infections. No explanation 
other than an effect of temperature can be ad- 
vanced for this variation in incidence of anti- 
body. 
Summary 
A survey of antibodies to parainfluenza type 
3 virus (PI3) and to mucosal disease (MD) virus 
in sheep throughout Australia was done by ob- 
taining serum samples from each of two sheep in 
416 flocks. 
The incidence of PI3 antibody in individual 
sheep was 76.5%, and 87% of flocks had either 
one or two serum samples with antibody. The 
incidence of PI3 antibody in sheep rose pro- 
gressively from 56% in sheep between 6 and 
12 months of age to 84% in sheep aged 42 
months or over. The incidence in breeds was: 
British breeds 7 1 % , Corriedales and crossbreds 
81%, and Merinos 75%. The sex incidence was 
rams 58%, wethers 74%, and ewes 81%. 
The overall incidence of MD antibody was 8%, 
and 13% of flocks had either one or two serum 
samples with antibody. The incidence of sheep 
with antibody to MD rose from 5% in sheep 
aged 6 to 12 months to 10% in sheep aged 42 
months or over. The incidence in breeds was: 
British breeds 17 % , crossbreds lo%, Corrie- 
dales 7%, and Merinos 6%. The sex incidence 
was rams 9%, wethers 4%, and ewes 10%. 
The incidence of PI3 infections in high and low 
rainfall zones was very similar, as was the in- 
cidence of MD virus infection. In contrast the 
incidence increased from 68% (PI3) and 3% 
(MD) in the sheep in the area north of the 25th 
parallel of latitude to 88% (PI3) and 14% 
(MD) in the sheep south of the 30th parallel. 
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A F I ELO  EXPER I MENT 
TO ASSESS THE ROLE OF PARA I N FLUENZA T Y PE 3 V I RUS 
IH PNEUMONI A  IN A FLOCK O F  SHEEP I N  VICTOR I A  
B Y  
T .D .  ST.GEORGE and C . E .  LIEFMAN 
2-4 
The fi e l d  observati ons on which the experimental work descri bed in thi s 
paper was based, were pl anned and carried out joi ntly by Mr. St . George 
and myse 1 f . The 1 aboratory aspects were h i s  responsi bi 1 i ty and the 
paper was written by him.  
. . . . . . .  !?:.F. �. :?:�Y . . . .  
Date: 
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C .E .  Li efmann (Co-Author) 
Add 1 t  ion a 1 Comments : 
A  F I E L D  E X P E R I M E N T  T O  A S S E S S  T H E  R O L E  O F  P A R A I N F L U E N Z A  
T Y P E  3  V I R U S  I N  P N E U M O N I A  I N  A  F L O C K  O F  S H E E P  I N  V I C T O R I A  
B y  T .  D .  S T .  G E O R G E *  a n d  C .  E .  L I E F M A N t  
A b 8 t r a c t  
A  f l o c k  o f  3 3  l a m b s  b o r n  t o  e w e s  w i t h  n e u t r a l i z i n g  a n t i b o d y  t o  p a r a i n f l u e n z a  
t y p e  3  ( P I 3 )  v i r u s  w a s  r u n  w i t h  a  f l o c k  o f  a p p r o x i m a t e l y  1 5 0  o t h e r  l a m b s  a n d  t h e i r  
m o t h e r s .  W h e n  b l e d  s h o r t l y  a f t e r  b i r t h ,  l O O %  o f  t h e  3 3  l a m b s  h a d  m a t e r n a l  a n t i -
b o d y  t o  P I 3  v i r u s .  F o u r  m o n t h s  l a t e r ,  t h e  p r o p o r t i o n  h ! l o d  f a l l e n  t o  2 2 % ,  a b o u t  
w h i c h  t i m e  a  n a t u r a l  i n f e c t i o n  w i t h  P I 3  v i r u s  o c c u r r e d  i n  t h e  f l o c k  a s  j u d g e d  b y  
s u b s e q u e n t  a p p e a r a n c e  i n  t h e  s e r a  o f  P I 3  s e r u m  n e u t r a l i z i n g  a n t i b o d y .  
M i c r o s c o p i c  e v i d e n c e  o f  p n e u m o n i a  w a s  o b t a i n e d  i n  l a m b s  4 ,  7 ,  a n d  1 2  w e e k s  
o f  a g e ,  1 - 3  m o n t h s  b e f o r e  P I 3  v i r u s  i n f e c t i o n  o c c u r r e d  i n  t h e  f l o c k .  C l i n i c a l  
p n e u m o n i a  w a s  o b s e r v e d  i n  t h e  f l o c k  w h e n  t h e  l a m b s  w e r e  1 1  m o n t h s  o f  a g e ,  7  
m o n t h s  a f t e r  t w o - t h i r d s  o f  t h e  f l o c k  h a d  e n c o u n t e r e d  P I 3  i n f e c t i o n .  
P I 3  v i r u s  d i d  n o t  a p p e a r  t o  b e  t h e  c a u s e  o f  e i t h e r  t h e  a s y m p t o m a t i c  
p n e u m o n i a  o f  l a m b s  I  m o n t h  o l d  o r  t h e  c l i n i c a l  p n e u m o n i a  a t  I I  m o n t h s  o f  a g e .  
T h e r e  a p p e a r e d  t o  b e  a  s y n d r o m e  o f  a s y m p t o m a t i c  c h r o n i c  p n e u m o n i a .  i n  t h i s  f l o c k  
w h i c h  w a s  n o t  c a u s e d  b y  P I 3  v i r u s ,  t h e  c a u s e  o f  w h i c h  w a s  n o t  e s t a b l i s h e d .  
1 .  I N T R O D U O T I O N  
A  s t r a i n  o f  p a r a i n f l u e n z a  t y p e  3  ( P I 3 )  v i r u s  w a s  i s o l a t e d  f r o m  t h e  l u n g s  o f  a n  
8 - m o n t h - o l d  l a m b  w h i c h  d i e d  o f  p n e u m o n i a  o n  a  r e s e a r c h  s t a t i o n  i n  V i c t o r i a  o n  
2 0  M a r c h  1 9 6 7  ( S t .  G e o r g e  1 9 6 9 ) .  F i v e  l a m b s  c h o s e n  a t  r a n d o m  a t  t h i s  t i m e  f r o m  a  
f l o c k  o f  a p p r o x i m a t e l y  1 3 0 0  l a m b s  o f  s i m i l a r  a g e  s h o w e d  v e r y  l o w  t i t r e s  o f  s e r u m  
n e u t r a l i z i n g  ( S N )  a n t i b o d y  t o  t h i s  v i r u s  a n d  i n  s e r u m  s a m p l e s  c o l l e c t e d  4 9  d a y s  
l a t e r ,  t h e  a v e r a g e  t i t r e  w a s  1 8 - f o l d  g r e a t e r .  H o w e v e r ,  c l i n i c a l  p n e u m o n i a  h a d  b e e n  
i n  e v i d e n c e  i n  m o s t  o f  t h e  f l o c k  f o r  t h e  p r e v i o u s  2  m o n t h s .  T h e  i s o l a t i o n  o f  P I 3  
v i r u s ,  p l u s  t h e  e v i d e n c e  o f  a  r i s e  i n  t i t r e ,  p o i n t e d  t o  a  w i d e s p r e a d  P I 3  i n f e c t i o n  i n  
t h e  f l o c k  w i t h i n  t h e  p r e v i o u s  w e e k  o r  t w o  w h e r e a s  m o s t  o f  t h e  f l o c k  h a d  h a d  s i g n s  
o f  c l i n i c a l  p n e u m o n i a  f o r  2  m o n t h s .  I n  a n t i c i p a t i o n  t h a t  p n e u m o n i a  w o u l d  o c c u r  
i n  l a m b s  b o r n  t h e  f o l l o w i n g  s e a s o n ,  a n  e x p e r i m e n t  w a s  d e s i g n e d  t o  d e t e r m i n e  
w h e n  n a t u r a l  i n f e c t i o n  w i t h  P I 3  v i r u s  o c c u r r e d  a n d  w h e t h e r  t h i s  i n f e c t i o n  w a s  
r e l a t e d  t o  c l i n i c a l  s i g n s  o f  p n e u m o n i a .  
*  D i v i s i o n  o f  A n i m a l  H e a l t h ,  C S I R O ,  A n i m a l  H e a l t h  R e s e a r c h  L a b o r a t o r y ,  P a r k v i l l e ,  
V i c . ;  p r e s e n t  a d d r e s s :  D i v i s i o n  o f  A n i m a l  H e a l t h ,  C S I R O ,  L o n g  P o c k e t  L a b o r a t o r i e s ,  P r i v a t e  
B a g  N o . 3 ,  P . O . ,  I n d o o r o o p i l l y ,  Q l d .  4 0 6 8 .  
t  C o m m o n w e a l t h  S e r u m  L a b o r a t o r i e s ,  P a r k v i l l e ,  V i c .  3 0 5 2 .  
A u s t .  J .  b i o l .  S c i . ,  1 9 7 2 ,  2 5 ,  3 1 9 - 2 5  
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II. MATERIALS AND METHODS 
A flock was established comprising 190 maiden ewes, 40 of which were randomly selected 
to provide the lambs for use in the experiment. All 40 of these ewes were positive for SN anti-
body to PI3 virus. 
The lambs from these ewes were identified at birth by means of numbered ear.tags and 
the number of the mother of each lamb was recorded. Later, the heads of the lambs were 
marked to distinguish them visually from the other lambs with which they were running but 
otherwise they were left with the larger flock. The 33 lambs used for the trial were born between 
4 August 1967 and 12 September 1967. 
These lambs were bled for serum samples in 1967 at various times after birth then as a 
group on 19 September, 17 October, 14 November, 12 December and, in 1968, on 3' January, 30 
January, 26 February, and 26 March, at which time the trial was concluded and the lambs were 
incorporated in the main farm flock of approximately 1000 weaned lambs. Nine of the experi-
mental group were identifiable on 16 July 1968 and were bled again. Swabs of nasal mucus 
were also collected from these lambs at this time. 
On each occasion when blood samples were collected, two lambs were killed Their lungs 
were examined and pieces of lung were collected with sterile instruments for culture for PI3 
virus as described by St. George (1969) and for chlamydiae by the method of Dungworth and 
Cordy (1962) except that 5.day-old embryonated eggs were used instead of 7-day-old. The lungs 
were cultured on blood agar for bacteria. Examination for mycoplasmas was performed by 
Mr. G. S. Cottew of this laboratory and the methods used and identification of the mycoplasmas 
will be reported elsewhere. Other pieces of lung were placed in buffered formol-saline for histo-
pathological examination. 
All the serum samples were examined for PI3 antibody as described by St. George (1969). 
The serial serum samples of half the lambs were tested for complement fixing (OF) antibody to 
chlamydiae by the methDd of Donnelley (1951) except that chlamydia group antigen of Dane 
(1955) was substituted for influenza antigen. 
III. RESULTS 
A summary of the principal findings on the lambs killed at approximately 
monthly intervals is shown in Table 1. No viruses or chlamydiae were isolated and 
there was no serological evidence of infection with chlamydiae. Microscopic evidence 
of pneumonia was present in one of the first two lambs killed at 4 weeks of age. The 
first obvious macroscopic lung lesions were noted in one lamb killed in November 1967 
at 12 weeks of age, though some probable lesions 1 or 2 mm in size involving a single 
lobule had been seen in one of the two lambs killed in September. 
The macroscopic lesions consisted of irregularly shaped areas of consolidation, 
red in colour. The only variation seen in most of the subsequent examinations of other 
lambs was the size, which ranged from a few millimetres to 4--6 cm. The pattern of 
the lesions was not constant and they were distributed through the substance of the 
lung lobes. Some of the lesions were not visible from the surface, particularly in the 
thicker diaphragmatic lobes. In the lambs killed in July 1968 there was an accumu-
lation of clear mucus in the bronchioles and to a lesser extent in the bronchi. This 
feature was not evident in the lambs killed at an earlier age. Also, one of the two 
lambs killed in July 1968 had five thick-walled abscesses in the diaphragmatic lobes 
varying from 1 to 4 cm in diameter. These contained thin, liquid, yellow pus. 
In the histological sections examined from the first two lambs killed at 4 weeks 
of age, one lamb appeared to have normal lungs (Fig. 1). The second had areas of 
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P A R A I N F L U E N Z A  T Y P E  3  V I R U S  I N  S H E E P  
3 2 3  
m a n n e r .  I n  a r e a s  o f  c o m p l e t e  c o l l a p s e  t h e r e  w a s  s o m e  i n f i l t r a t i o n  b y  l e u c o c y t e s  a n d  
f i b r o b l a s t s .  I n  s o m e  l e s s  c o m p l e t e l y  c o l l a p s e d  a r e a s  t h e  a l v e o l a r  w a l l s  w e r e  t h i c k e n e d  
a n d  s o m e  a l v e o l i  w e r e  f i l l e d  w i t h  o e d e m a  f l u i d .  T h e r e  w a s  n o  p e r i v a s c u l a r  o e d e m a  o f  
a n y  s i g n i f i c a n c e .  T h e  a r e a s  o f  c o l l a p s e  w e r e  a  f e a t u r e  o f  e a c h  o f  t h e  s e c t i o n s  o f  l u n g  
c o l l e c t e d  s u b s e q u e n t l y .  P r o l i f e r a t i o n  o f  p e r i b r o n c h i a l  l y m p h o i d  t i s s u e  ( F i g .  3 )  a l s o  
o c c u r r e d  a n d  e x u d a t i o n  i n t o  t h e  b r o n c h i o l e s  o c c u r r e d  i n  t h e  a n i m a l s  k i l l e d  l a t e r  i n  t h e  
s e r i e s .  A b s c e s s e s  w e r e  f o u n d  o n l y  i n  t h e  l u n g s  o f  t h e  l a s t  l a m b  k i l l e d .  N o  m a c r o s c o p i c  
e v i d e n c e  o f  l u n g w o r m  i n f e c t i o n  w a s  f o u n d .  T h e  h i s t o p a t h o l o g i c a l  c h a n g e s  d i d  n o t  
v a r y  m u c h  i n  n a t u r e  t h r o u g h o u t  t h e  s e r i e s ,  b u t  t h e  e x t e n t  o f  t h e  l e s i o n s  a n d  t h e  p r o -
p o r t i o n  o f  l u n g  t i s s u e  d a m a g e  w a s  g r e a t e r  i n  t h e  l a m b s  e x a m i n e d  l a t e r  i n  t h e  
e x p e r i m e n t .  
6  
9  
3 8  
1 6  
2 2  
3 1  
6 0  
7 4  
. . .  
"  
9 9  
. a  
E  
2 8  
"  
< :  
1  
3 0  
. . . l  
4 0  
8 7  
1 0 2  
1 1 0  
1 1 4  
5 8  
1 1 3  
1 3 0  
1 3 2  
~ ~ d  c i  c i  ~ ~ b  













~ M a t e r n a l  a n t i b o d y  
I : < @  t o  P I 3  v i r u s  
•  
T r a c e  o f  a n t i b o d y  
t o  P I 3  v i r u s  
O  
N e g a t i v e  f o r  P I 3  
a n t i b o d y  
_  P o s i t i v e  f o r  P I 3  
_  a n t i b o d y  
F i r s t  o c c a s i o n  
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1 & 1 .  C l i n i c a l  p n e u m o n i a  
~ d e t e c t e d  
F i g .  4 . - 0 c c u r r e n c e  o f  m a t e r n a l  a n d  a c t i v e l y  p r o d u c e d  a n t i b o d y  t o  p a r a -
i n f l u e n z a  3  a n t i b o d y  i n  r e l a t i o n  t o  p n e u m o n i a  d e t e c t e d  b y  h i s t o p a t h o l o g i c a l  
o r  c l i n i c a l  e x a m i n a t i o n .  
T h e  a n t i b o d y  t o  P I 3  s h o w n  i n  T a b l e  1  h a s  b e e n  c l a s s i f i e d  a s  b e i n g  t r a n s f e r r e d  
m a t e r n a l ,  o r  a c t i v e l y  p r o d u c e d  a n t i b o d y ,  o n  t h e  b a s i s  o f  a  c h a n g e  o f  a n t i b o d y  t i t r e s  
i n  s e r i a l  s a m p l e s .  A l l  l a m b s  h a d  a n t i b o d y  t o  P I 3  v i r u s  w h e n  t h e y  w e r e  f i r s t  b l e d  a f t e r  
b i r t h  a n d  a t  t h e  f i r s t  c o m p l e t e  b l e e d i n g  o f  t h e  w h o l e  l a m b  f l o c k .  T w o  m o n t h s  l a t e r ,  
s o m e  o f  t h e  l a m b s  i n  t h e  f l o c k  h a d  l o s t  t h e i r  m a t e r n a l  a n t i b o d y  a n d  o t h e r s  l o s t  i t  
p r o g r e s s i v e l y .  B e t w e e n  D e c e m b e r  1 9 6 7  a n d  M a r c h  1 9 6 8  m o s t  o f  t h e  f l o c k  a g a i n  h a d  
P I 3  a n t i b o d y .  T h e  p e r c e n t a g e  o f  s e r u m s  w i t h  a n t i b o d y  t o P I 3  f r o m  t h o s e  l a m b s  s t i l l  
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alive at successive monthly bleedings are as follows: 19 September, 100 %; 17 October, 
100%; 14 November, 59%; 12 December, 22%; 3 January, 67%; 31 January, 77%; 
26 February, 70%; and 26 March, 73%. 
From the serological evidence, infection of the flock with PI3 virus first occur-
red in December 1967. During the visit on 12 December, mild, single coughs were 
heard in the flock and this coughing was more noticeable in the week following the 
sampling. 
PI3 virus was not isolated from the lungs of any sheep in the trial though 
mycoplasmas and bacteria were isolated as shown in Table 1. The first isolation of 
mycoplasmas and bacteria was made from material collected in December 1967. 
A summary of the serological results from those animals not kllled during the 
trial and of nine of them on 16 July 1968 is shown in Figure 4. 
The lambs in the pneumonia trial flock and the larger flock of which they were 
a part grew well for the first 5 months of life. In December 1967 about 10% of the 
flock was noticed to have a cough, but the animals which were heard to cough did not 
appear otherwise to be in poorer health than the balance of the flock. Coughing was 
not noticed at the examinations made on 31 January, 26 February, or 26 March 1968. 
General loss of body condition did not occur until March 1967, at the end of a dry 
summer, and then the loss was not severe. 
In July most of the main flock of weaners appeared to be affected with some 
degree of mucous discharge from the nose and with moist, multiple coughs. The weaners 
were in poorer condition than would have been expected on the available pasture and 
no abnormalities were found except in the thoracic cavity. The rectal temperatures 
were normal. Pneumonia was detected in sheep with no antibody to PI3 and in sheep 
which had experienced PI3 infection, as indicated by serological evidence months 
earlier. 
IV. DISCUSSION 
Though a natural infection with PI3 virus occurred in the flock, clinical 
pneumonia did not occur until much later than expected when the trial was planned 
and at a time when the trial flock was not under regular examination. 
From the first occasion on which lambs were killed, at 4 weeks of age, there 
was histological evidence of pneumonia. Macroscopic lesions were visible in lambs 
4 and 9 weeks of age and were obvious in lambs 12 weeks and older. 
From the serological evidence, two-thirds of the trial flock acquired PI3 SN 
antibody between 12 December 1967 and 3 January 1968 indicating that the first 
infection occurred in these lambs, at the earliest, 7-10 days prior to 12 December 
and, at the latest, 7-10 days prior to 3 January. Single coughs were noticed in this 
flock in this period, supporting the serological evidence that PI3 infection occurred 
about this time but otherwise the flock was normal. If the flock had not been 
under special observation, no particular attention would have been paid to the 
cough; the mild cough would have been attributed to infection with lungworm. 
A light infestation of lungworm, Dictyocaulus filaria, was found in a lung of one 
lamb on only one occasion. Infection with this parasite was probably of minor 
significance in this flock in the period of the trial. Clinical pneumonia with similar 
signs in sheep with and without PI3 antibody was not evident in the flock until 
approximately 7 months after PI3 infection had occurred. 
P A R A I N F L U E N Z A  T Y P E  3  V I R U S  I N  S H E E P  
3 2 5  
T h e r e  a r e  t h r e e  f i n d i n g s  t o  c o n s i d e r ,  n a m e l y :  t h e  a r e a s  o f  a t e l e c t a s i s  d e t e c t e d  
m i c r o s c o p i c a l l y  f r o m  1  m o n t h  o f  a g e  a n d  o b v i o u s  m a c r o s c o p i c a l l y  f r o m  1  a n d  3  
m o n t h s  o f  a g e ;  t h e  s e r o l o g i c a l  d e t e c t i o n  o f  P I 3  i n f e c t i o n  a t  4  m o n t h s ;  a n d  t h e  
a p p e a r a n c e  o f  c l i n i c a l  p n e u m o n i a  a t  1 1  m o n t h s  o f  a g e .  
T h e  P I 3  v i r u s  a p p e a r e d  t o  p r o d u c e  a  m i l d  p n e u m o n i a  w h i c h  w a s  s u p e r i m p o s e d  
f o r  a  s h o r t  t i m e  o n  t h e  e x i s t i n g  a n d  c o n t i n u i n g  p n e u m o n i a .  T h e  c l i n i c a l  p n e u m o n i a  
t h a t  w a s  o b s e r v e d  w h e n  t h e  l a m b s  w e r e  1 1  m o n t h s  o l d  c o u l d  h a v e  b e e n  t h e  r e s u l t  
o f  a n o t h e r  i n f e c t i o n  s u p e r i m p o s e d  o n  t h e  e x i s t i n g  p n e u m o n i a  o r  e l s e  t h e  e x i s t i n g  
p n e u m o n i a  c o u l d  h a v e  p r o g r e s s e d  t o  a  s t a g e  w h e r e  i t  p r o d u c e d  c l i n i c a l  e f f e c t s .  
T h e  n u m b e r s  o f  l a m b s  k i l l e d  o n  e a c h  o c c a s i o n  w e r e  t o o  s m a l l  t o  d r a w  c o n -
c l u s i o n s  a b o u t  t h e  r o l e  o f  b a c t e r i a  a n d  m y c o p l a s m a s .  S i g n i f i a n t  n u m b e r s  o f  b a c t e r i a  
w e r e  i s o l a t e d  f r o m  o n l y  t w o  o f  1 6  l u n g s  i n  t h e  t r i a l  p e r i o d  a n d  o n  e a c h  o c c a s i o n  t h i s  
w a s  s u b s e q u e n t  t o  t h e  t i m e  w h e n  P I 3  i n f e c t i o n  w a s  f i r s t  d e t e c t e d  i n  t h e  f l o c k .  
M y c o p l a s m a s  w e r e  n o t  d e t e c t e d  i n  s i x  s e t s  o f  l u n g s  e x a m i n e d  p r i o r  t o  P I 3  i n f e c t i o n  
a n d  w e r e  f o u n d  f i v e  o u t  o f  e i g h t  t i m e s  s u b s e q u e n t  t o  P I 3  i n f e c t i o n  i n  t h e  p e r i o d  o f  
t h e  t r i a l .  M y c o p l a s m a s  w e r e  f o u n d  a l s o  a t  t h e  t i m e  c l i n i c a l  p n e u m o n i a  o c c u r r e d  i n  
J u l y  1 9 6 8 .  
T h e  f a i l u r e  t o  i s o l a t e  P I 3  v i r u s  f r o m  t h e  l u n g s  o f  a n y  o f  t h e  l a m b s  w h i c h  w e r e  
k i l l e d  w a s  i n f l u e n c e d  b y  t h e  s m a l l  n u m b e r s  o f  l u n g  s a m p l e s  c o l l e c t e d  d u r i n g  t h e  
p e r i o d  w h e n  t h e  v i r u s  w a s  a c t i v e l y  m o v i n g  t h r o u g h  t h e  f l o c k .  P I 3  v i r u s  p r o b a b l y  
p e r s i s t s  f o r  o n l y  7 - 1 0  d a y s  i n  t h e  l u n g  b e f o r e  s y s t e m i c  a n t i b o d y  d e v e l o p s ,  s o  
c h a n c e  p l a y s  a  p a r t .  T h e  c u l t u r a l  m e t h o d s  a s  w e r e  u s e d  o n  t h e  l u n g s  i n  t h i s  t r i a l  
w e r e  s u c c e s s f u l l y  u s e d  t o  i s o l a t e  a  s t r a i n  o f  P I 3  v i r u s  f r o m  t h e  l u n g s  o f  a  l a m b  
w h i c h  d i e d  i n  a n o t h e r  f l o c k  o n  t h e  s a m e  f a r m  ( S t .  G e o r g e  a n d  L i e f m a n ,  u n p u b l i s h e d  
d a t a ) .  T h e  s e r o l o g y  w a s  d o n e  w e e k s  a f t e r  t h e  t i m e  o f  s a m p l i n g  s o  t h a t  b y  t h e  t i m e  
i t  w a s  k n o w n  t h a t  t h e  v i r u s  w a s  i n f e c t i n g  t h e  l a m b s  i t  w a s  t o o  l a t e  t o  t r y  t o  
i n t e n s i f y  a t t e m p t s  t o  i s o l a t e  i t .  
T h i s  i n v e s t i g a t i o n  p o i n t s  u p  t h e  l i m i t a t i o n  o f  w o r k i n g  w i t h  f i e l d  o u t b r e a k s  o f  
p n e u m o n i a .  T h e  r o l e  o f  e a c h  o f  t h e  o r g a n i s m s  i s o l a t e d  d u r i n g  t h e  t r i a l  i s  u n c e r t a i n .  
I n  t h i s  p a r t i c u l a r  f l o c k  a  n a t u r a l  i n f e c t i o n  w i t h  P I 3  v i r u s  c a u s e d  v e r y  l i t t l e  c l i n i c a l  
e f f e c t .  T h e  e x p e r i m e n t  d o e s  i n d i c a t e  t h e  c o m p l e x  n a t u r e  o f  s h e e p  p n e u m o n i a  i n  
A u s t r a l i a  a n d  i n d i c a t e s  t h a t  t h e r e  a r e  a t  l e a s t  t w o  s e p a r a t e  p n e u m o n i a  s y n d r o m e s  
i n  a d d i t i o n  t o  t h a t  c a u s e d  b y  l u n g  p a r a s i t e s .  T h e r e  i s  n o  e v i d e n c e  t h a t  a n y  o f  t h e  
v a r i o u s  f o r m s  o f  p u l m o n a r y  a d e n o m a t o s i s  d e s c r i b e d  o v e r s e a s  ( S t e v e n s o n  1 9 6 9 )  
p l a y e d  a  p a r t  i n  t h e  c l i n i c a l  c o n d i t i o n  s t u d i e d  h e r e .  
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Introduction 
In 1 9 60 an investigation of outbreaks of 
pneumonia in stud ram lambs was undertaken 
by French and Snowdon (personal communica­
tion) . The pneumonia, which appeared to cause 
high morbidity and a low mortality in w�aned 
lambs particularly in stud ram lambs, was termed 
"summer pneumonia" . The present investigations 
were aimed at establishing a viral aetiology for 
pneumonia of sheep in Australia. At the time 
the investigation began the term "virus" included 
chlamydiae. 
Materials and Methods 
Two major lines of approach were commenced. The 
first was to obtain histories and material for examina­
tion from specimens submitted through a diagnostic 
centre namely the Veterinary Research Institute, Uni­
versity of Melbourne . These specimens took the form 
of live or dead sheep and whole or portions of lungs 
from sheep. The second approach was to visit farms 
where pneumonia was reported to be present by an 
officer of the Department of Agriculture, Victoria, or 
by a private veterinary practitioner, and to make an 
examination of some affected sheep. 
Culture Techniques 
Lung or other organs were collected with sterile in­
struments for incubation in bovine kidney or bovine 
testis tissue cultures for virus isolation or into the yolk 
sac of embryonated eggs for cultivation of chlamydiae. 
Embryonated eggs were examined for chlamydia as 
described by St. George ( 1 97 1 )  and passaged three to 
seven times before being discarded as negative. After 
it was found that mycoplasmas were present in many 
of the pneumonic sheep lungs, tylosint was added to 
the diluent used for tissue culture inoculation to produce 
a final concentration of 1 00 1-'g/ml to suppress their 
growth. 
The bovine serum used in the tissue culture medium 
for the first two years was found, in retrospect, to 
contain antibody to parainfluenza type 3 virus ( PI3 ) .  
Later, foetal calf serum was used in the media to 
avoid this antibody. Tissues were examined for haem­
adsorption as described by St. George and French 
( 1 966)  before being passaged or discarded. Lungs were 
cultured aerobically on blood agar for bacteria and on 
solid media for mycoplasmas. Any tissue cultures 
which showed cytopathology were similarly examined. 
Serological Tests 
Serum samples were examined for serum neutralising 
(SN) or haemagglutination inhibiting ( HI )  antibodies 
*Present Addres s - C SIRO Division of Animal Health, 
Lo1 ng Pocket Laboratories, Private Bag No. 3 ,  Indooroo­
Pl ly,  Queen sland, 4068 .  tTylan Elanco Pty. Ltd. ,  Australia. 
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to P B  v_irus a s  described by St. George ( 1 969 ) and for 
ch!amydm group compl.ement fixing ( CF)  antibody, usmg a complement fixation test described by Donnelley 
( 1 95 1 ) ,  with the chlamydia group antigen of Dane 
( 1955 ) substituted for influenza antigen . 
Investigations Through a Diagnostic Centre 
The date of occurren7e. of illness, the breed of sheep, 
age, sex and the morbidity and mortality in the flock 
were obtain�d. The lungs w<:re examined macroscopic­
ally for leswns of pneumoma, abscesses, pleurisy and 
lungworms .  The lesions visible on the surfaces of each 
lobe were recorded. Lung material was collected 
Cl}ltured for bacteria, mycoplasmas, chlamydiae and 
VIruses . Pieces of lung were fixed in 1 0% buffered 
formol saline for histopathological examination. A� 
asses.sment was made as .to whether the type of pneu­
moma was acute or chrome and the status of the disease 
that is, �hether the pneumonia was the primary reaso� 
for the Illness of the sheep or whether it was incidental 
to some other condition at the time the examination was 
performed. 
Field Investigations 
Observations were made of flocks on four farms 
( coded as A, B, C and D ) ,  on a number of occasions 
over a period of one to three years. On one farm D, 
observations of a more detailed nature were made. The 
first three farms were situated in central Victoria and 
the fourth in Gippsland. 
Results 
Investigations Through a Diagnostic Centre 
The sheep originated from all major districts of Vic­
toria plus one area in South Australia and one in New 
South Wales. The breeds represented in order of fre­
quency were Merino-British breed crosses, Dorset Horn, 
Merino, Corriedale, Romney Marsh, Border Leicester 
and Southdown. 
The ages of 77 of the sheep were known and ranged 
from two weeks to eight years . Eleven ( 14 % ) of the 
sheep were less than six months old, 47 ( 6 1 % )  were 
between 6 and 1 2  months and 1 9  ( 2 5 % ) were over 
1 2  months. The order of frequency of the sexes was 
wethers, ewes and rams. High morbidity ( 80- 1 00 %  ) 
occurred only in flocks of sheep less than 1 2  months 
old. The highest mortality reported was 20% , but repre­
sented 1 3  deaths in a flock of only 63 rams. In larger 
flocks the highest mortality reported was 7-10% in 
a flock of 3 00-400 weaners ; in most flocks the losses 
were 2-5 % .  
Of 3 5  serums tested for PI3 SN antibody, 2 8  ( 80% ) 
had antibody and none of 32 had chlamydia CF anti­
body. Twenty-two lungs in this series were examined 
for chlamydia without a positive result. Strains of PI3 
virus were isolated from four lungs from sheep from 
three farms (St. George 1 9 69 ) .  
Of the lungs where lesions were recorded, 44 o f  9 1  
( 48% ) had lesions in all seven principal lobes of the 
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lungs. The frequency of lesions visible from the sur­
face in lobes was right apical 65%, left apical 57%, 
right cardiac 59%, left cardiac 57%, intermediate 53%, 
right diaphragmatic 56% and left diaphragmatic 60%. 
Pleurisy was recorded in 15 of 88 ( 17%) cases. All 
four of the sheep in this series from which PI3 was 
isolated had pleurisy. Lung abscesses were found in 
seven cases. Dictyocaulus filaria were found in 12 
sheep, but in only one instance was the number of 
worms sufficient to be regarded as the primary cause of 
all the lesions observed. Nodular lesions apparently 
caused by Muellerius capil/aris infection were found in 
two sheep. 
Mycoplasmas were isolated on solid media from 37 
of 66 lungs ()b%). In all 15 cases where mycoplasmas 
were detected in tissue culture they were cultured from 
the tissue culture on to solid media as well as being 
found by direct culture of lung. Of the 29 strains of 
bacteria, 14 were not further identified though they 
resembled Pasteurella spp. Five isolated closely re­
sembled P. haemolytica, two were P. mutocida; and 
three were Neisseria sp. Corynebacterium pyogenes was 
isolated from five specimens. 
The pneumonia was regarded as clinically acute in 
43 of 63 cases ( 68%) in which an assessment was 
made. Pneumonia was regarded as the primary clinical 
condition in 51 of 75 ( 68%) sheep where sufficient 
information was recorded. Most of these sheep were 
aged less than 12 months. In the others the pneumonia 
was not regarded as the primary cause of the condition 
of the sheep or was discovered accidentally. The incid­
ence of mycoplasma and gram negative bacteria was 
almost the same in sheep less than 12 months old and 
in those over 12 months. 
Pathology 
The lesions most commonly seen were areas of con­
solidation which could involve the whole or part of a 
lobe, but occasionally the lesions were only about 1 
em' involving only a few lobules. Some lesions were 
interspersed irregularly between areas of normal tissue. 
The colour of lesions varied from reddish purple to 
pale grey. 
Some lungs had numerous abscesses which varied in 
size from a few mm to 5 em. The contents varied in 
consistency from a thin liquid to caseo-calcareous matter. 
The colour varied from light yellow to grey-green. 
Histopathology 
The examination of the tissue sections did not con­
tribute greatly to the differentiation of pneumonia into 
categories. There was evidence of pneumonia in all the 
71 sections of lung from the Diagnostic Centre. 
The sections of lung from the sheep from which 
strains of PI3 were isolated showed extensive areas of 
pneumonia within which lesions of varying stages of 
development were intermingled. The changes in the 
individual areas varied from oedema through catarrhal 
to necrotic pneumonia. There was extravasation of 
erythrocytes into the alveoli which had mixed with 
debris, mucus and polymorphonuclear lymphocytes. The 
intralveolar walls were oedematous and contained an 
increased number of cells. 
The more common lesion seen was an area of atelec­
tasis. The edge of the area did not always coincide with 
the boundary of a lobule but sometimes cut across 
two or more lobules with areas of normal lung immedi­
ately adjacent. The line of division between normal and 
abnormal tissue could be continuous in lobules in 
adjacent lobes. The areas of collapse seen microscopic-
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ally in areas where no lesions were visible macroscopic.
ally varied from a few alveoli up to the full area of the 
section. There was also a proliferation of the alveolar 
epithelium and also areas of proliferation of lymphoid 
tissue in some lungs. Lymphoid hyperplasia was vari­
able in extent from lung to lung and in various areas
of a single lung. A variety of stages from recent collapse 
in which the lung architecture was still distinguishable 
to advanced organisation of formless masses of cell� 
could be seen in different parts of a section from a 
single lung. 
No evidence of lungworms was seen microscopically 
except m those lungs where lungworms had been seen 
macroscopically. 
Field Investigations 
Farm A. The sheep on this property were a well 
managed Dorset Horn stud and a commercial fat lamb 
flock totalling 3000 sheep. The obvious clinical pneu­
monia was apparently confined to the ram lamb flock 
in which 13 six-month old rams died sporadically 
during a hot dry summer with average temperatures 
near 100°F. The principal clinical signs were depres­
sion, a moist multiple cough, loss of bodily condition 
distress after handling or driving, and diarrhoea. Th� 
rectal temperatures of 17 rams ranged from 102.5°F 
to 105°F. Three rams killed at various times had lesions 
in all lobes. The rams began to recover in May soon 
after rain fell and by September the rams appeared 
normal. At the corresponding time the following season 
similar but less severe clinical signs occurred in th� 
new ram lamb flock and 17 of 30 sibling ewe Iambs 
were found to have gross lesions of pneumonia when 
ex�mined at slaughter. 
Farm B. There were about 1600 stud Corriedale 
sheep on this farm. Although coughing and some loss 
of condition in the young sheep had been noticed each 
summer for many years, the first mortalities (a total 
of 70) associated with this condition occurred during 
January 1964 and then ceased. Losses were confined 
to the weaner lamb flocks both ewes and rams; older 
sheep were apparently unaffected. The records of the 
Veterinary Research Institute showed that pneumonia 
was a long standing problem on this farm. 
The only sheep affected in 1965, namely the ram 
lamb flock, which had been in forward condition and 
sexually active, suddenly became depressed and began 
to lose condition early in 1965 and five rams in the 
flock died. Most of the 43 rams remaining in the flock 
at the time of the first visit were listless and at any 
one time about 10% of the rams could be heard with 
a moist, multiple cough. Pneumonia could be detected 
in all rams examined by auscultation. Three rams, two 
chosen at random and one with severe respiratory dis­
tress, had areas of consolidation in all lobes when 
examined during autopsy. 
The ram lamb flock born the following season was 
healthy and growing well in October 1965, but pneu­
monia could be detected by auscultation in all rams 
caught at random and pneumonia was evident in a ram 
killed at random. Obvious clinical pneumonia occurred 
again at the end of the summer 1966 but was milder 
than in 1965. 
Farm C. The only sheep affected on this farm were 
approximately 900 weaned cross-bred lambs in six 
flocks. The older sheep were in good condition, some of 
the lambs were bred on the farm, others were bought 
for fattening. 
The severity of the clinical signs varied from flock 
to flock and the morbidity varied from I 0-100%. The 
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tal mortality was 3 % .  Some lambs were in fat con­�C!tion but had a mild cough. The commonest clinical !gns were similar to those seen on the other farms.  In !ddition, some s_heep also had a sev-:re loss of bo�ily 
condition and diarrhoea not due to mternal parasites . 
Rectal temperatures of 1 7  l ambs ranged from 1 0 1 .6 o F  
to 1 05. 8 oF, b u t  l o w  a n d  high temperatures were found 
in clinically normal and very sick sheep .  Macroscopic 
lesions of pneumonia were found post mortem in three 
lambs chosen at random from the worst affected flock. 
Farm D . The flock on this farm was maintained 
to produce late m aturing fat l ambs from Border Leices­
ter/Merino ewes and Dorset Horn or Southdown rams.  
The investigations on this farm were continued for 
three successive seasons from 1 9 65 - 1 9 6 8 .  
1 963 - 1 9 64 - Th e  first f a t  lambs produced on this 
farm were good and matured rapidly.  
1 964- 1 965 - Some l osses associated with pneumonia 
in fat lambs occurred, and some l ambs could not be 
marketed at the usual time.  
1 965 - 1 966 - In January 1 966,  there was a severe 
outbreak of pneumonia in 800 weaner l ambs .  The 
lambs born in July 1 9 6 5  grew well until September 
1965 when their condition began to deteriorate . One 
or two died weekly and deaths seemed to follow yarding 
or drenching. In the week prior to the visit, 30 lambs 
died. This was a time of heatwave conditions with 
the atmospheric temperature above 1 00°F.  The prin­
cipal clinical signs were similar to those o n  farms A 
and B . Pneumonia persisted in this flock for six months 
and the lambs fattened very slowly. 
1 966-1967 - The next season's flock of lambs was 
examined approximately monthly from August 1 9 6 6  
and two lambs were killed at each visit a n d  found to  
have microscopic lesions of pneumonia .  The clinical 
history repeated that of the previous season with overt 
pneumonia commencing in mid-December 1 96 6  and 
increasing in severity in January and February 1 9 67 .  
However, macroscopic lesions h a d  been visible i n  lungs 
of all lambs killed from October 1 96 6 .  
1 967- 1 96 8  - Th e  owner decided to cease sheep farm­
ing and disposed of most of his flock as pneumonia 
had made the production of fat lambs uneconomical . 
Ten identified lambs born in July 1 967 were kept with 
the 3 00 remaining sheep and their lambs and blood 
samples were collected every four to six weeks . Lambs 
were killed in October 1 967,  and February and April 
1968,  and found to have macroscopic and microscopic 
lesions of pneumonia .  The 10 lambs had maternal anti­
body to PB which was not present by December when 
they were five months old, and actively produced anti­
body, developed between Feb ruary and April 1 96 8 .  
Farms A ,  B,  C, D. - From sheep on each of these 
farms, mycoplasmas and the gram negative bacteria in­
cluding pastuerellae and Escherichia coli were isolated 
from lungs but no viruses or chl amydia were detected. 
Serum samples from almost every l amb examined had 
serum neutralising antibody to parainfluenza 3 virus 
but no CF antibody to chlamydia. Treatment of lambs 
on farm C with sodium sulphamezathine was successful 
but on each of the other farms, tre atment of lambs 
with sulphamezathine ,  penicillin, streptomycin, tetra­
cyclines and on one farm tylosin, produced either no 
effect or only a transient improvement . 
Discussion 
In the study of the specimens submitted 
through a diagnostic centre, more specimens 
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came from British-breed-Merino crossbred sheep 
than from any pure breed or other crosses. This 
is not an objective indication of breed suscepti­
bility but reflects the breed frequency of the area 
served by the centre . 
Because of the highly seasonal lambing in 
Victoria, there are large numbers of sheep aged 
6 to 1 2  months in late summer. The high mor­
bidity due to pneumonia occurred in flocks of 
this type. The high morbidity may be influenced 
by the extremely hot weather at the time the 
clinical signs were most severe or by age . How­
ever, pneumonia was not restricted exclusively to 
weaners nor its incidence to the summer months. 
The few occasions on which PI3 virus was 
isolated from pneumonic lung could be accounted 
for in either of two ways . Either the organism 
was present infrequently or else virus had been 
neutralised in the lung suspension by antibody 
since 80 % of the sheep examined post mortem 
had antibody to PI3 virus. PI3 virus has been 
associated with pneumonia in the United King­
dom ( Hore 1 9 66 ) . No attempt was made to 
look for serological evidence of infection with 
other respiratory viruses, namely adenoviruses, 
reoviruses, pox-viruses or influenza viruses, of 
which evidence of infection in other countries has 
been cited by Stevenson ( 1 9 69 ) . 
Gram negative bacteria were more frequently 
isolated than others. Some were identified as 
P. multocida and some as closely resembling 
P. haemolytica. These b acteria have attracted 
most attention in investigations of pneumonia in 
other countries of Europe, North America and 
New Zealand, particularly in investigations of 
"enzootic pneumonia" ( Shirlaw 1 95 9 ;  Stevenson 
1 9 69 ) .  While pasteurellae play a part in the 
aetiology of pneumonias of sheep and lambs, it 
has not been established that they are the causes 
of "enzootic pneumonia" because pasteurellae 
may be isolated from the respiratory tract of 
normal sheep . Attempts to produce pneumonia 
with pure cultures of these b acteria have been 
inconsistent. 
The other bacteria isolated were C. pyogenes, 
E. coli and Neisseria. Other organisms isolated 
from sheep lungs in Australia include C. ovis, 
C. equi ( Roberts 1 957 ) , Klebsiella (Hindmarsh 
et al 1 9 3 1 ) ,  Pseudomonas pseudomarllei ( Laws 
and Hall 1 964)  and Fusiformis necrophorus. 
Tuberculosis has been reported once in a sheep 
in Australia ( Seddon 1 9 5 3 ) .  Stevenson ( 1 969 ) 
cites reports of other bacteria and fungi which 
have been isolated from sheep lungs - staphylo­
cocci, Streptococcus pneumoniae, A ctinobacillus 
lignieresii and species of A spergillus, Crypto� 
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At a diagnostic centre, pneumonia was found 
in sheep whose ages ranged from two weeks to 
eight years of age, but 7 5 % of 77 sheep ex­
amined post mortem were under one year of age. 
A variety of breeds were represented, Merinos,  
British breeds and their crosses. Pneumonia was 
found in sheep in all seasons, but the highest 
morbidity was found in weaned lambs between 
midsummer and autumn . Though morbidity was 
high in flocks of lambs, mortality was low and 
of the order of 3-8 % . 
The micro-organisms most commonly isolated 
from pneumonic lungs were b acteria and myco­
plasmas. The bacteria included Pasteurella multo­
cida, an organism closely resembling P. haemo­
lytica, Corynebacterium pyogenes and Neisseria 
sp. Mycoplasmas were also isolated from nasal 
swabs. No serological or cultural evidence was 
found of the involvement of chlamydiae. Though 
serological evidence showed that infection with 
parainfluenza type 3 virus had occurred in sheep 
with pneumonia, only four strains of virus were 
isolated .  It is probably of minor importance as 
a cause of death and its role as an initiating cause 
of pneumonia is uncertain . 
Infection with the lungworms Dictyocaulus 
filaria and Muellerius capillaris occurs, but does 
not appear to be an important primary cause of 
lung damage . 
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THE ISOLATION OF CHLAMYDIAE FROM FAECES OF SHEEP IN AUSTRALIA 
Dungworth and Cordy (1962) isolated, in embryo- 
nated eggs, Chlamydia organisms from the faeces of 
clinically normal sheep, and inoculation of sheep with 
these organisms produced pneumonia. This report re- 
cords the isolation of Chlamydia organisms from the 
faeces of healthy and diseased sheep but not from 
sheep yards or sheep resting places or camps. 
Faecal samples were collected from the rectum of 
2 sheep chosen at random from 30 normal sheep that 
had been held on concrete for 3 years; from freshlv 
voided pellets of a sheep in a flock affected with 
pneumonia; from the rectum of a ram dying of pneu- 
monia in a second flock; from the rectum of a sheep 
with pneumonia and diarrhoea in a third flock, and 
from 10 sheep yards or camping grounds on three 
farms where sheep pneumonia was prevalent. Using the 
method of Dungworth and Cordy (1962) organisms 
that re\embled Chlamydiae in size and shape, and which 
stained blue with modified Castenada’s stain (Rivers 
and Berry 1935), were isolated in 5-day-old embryo- 
nated eggs. Isolates were obtained from sheep on each 
of three properties where pneumonia was present and 
from one of the two healthy sheep. No isolations were 
made from faeces collected from sheep camps or yards. 
Yolk sacs that were negative for Chlamydiae after in- 
oculation with faecal material were sub-passaged twice, 
before concluding that the samples did not contain 
Chlamydiae. The average time for embryos to die after 
inoculation of infected faeces was 14.5 days on passage 
number 1, 7.6 days on passage 2, 7.2 days on passage 
3, and 6.7 days on passage 4. The embryos of eggs 
inoculated with faecal material died just before hatch- 
ing, but there was no difficulty in seeing stained 
elementary bodies in impression smears from the yolk 
sacs of these embryos. Dungworth and Cordy (1962) 
did not usually find elementary bodies in eggs that died 
after inoculation with the initial faecal material. This 
may be attributed to the fact that we used 5-day em- 
bryonated eggs and they used 7-day embryonated eggs. 
The time of death (6.7 days) after the 4th passage is 
consistent with the times given by Dungworth and 
Cordy (1962). 
A complement fixing (CF) antigen made from in- 
fected and normal yolk sacs (Dane 1955) was used 
in C F  tests using the method of Donnelly (1951). When 
the antigen made from infected yolk sacs was used at 
a dilution of 1/20, in parallel with a known bovine 
Chlamydia antigen in the CF test, and using three 
serums from cattle previously infected with the agent 
of sporadic bovine encephalomyelitis, similar antibody 
titres were obtained with each antigen. 
Guinea-pigs inoculated with sheep faecal material 
and dilutions (loo, 10-1, 10-2, 10-4, 10-6, and 10-8) of 
infected yolk sac material showed no evidence of a 
temperature response or post-mortem signs of infection. 
Passage of liver and spleen material from guinea-pigs 
8 to 10 days after inoculation to further guinea-pigs 
did not produce any evidence of infection. 
The isolations of Chlamydiae from sheep faeces re- 
ported here are the first such isolations recorded in 
Australia. The Chlamydiae were isolated very readily 
from freshly voided faeces or faeces collected from 
the rectums of 4 of 5 sheep but not from 10 samples 
collected from sheep yards or camps. French (1959) 
suggested that a similar organism isolated by him from 
the faeces of normal cattle was a common inhabitant of 
the intestinal tracts of Australian cattle, and was 
unlikely to produce ill effects. The same is probably 
true of the Chlamydiae isolated from sheep faeces. 
T. D. ST. GEORGE, M.V.Sc. 
Division of Animal Health, 
Animal Health Research Laboratory, 
CSIRO, 
Parkville, Victoria 3052. 
8 December 1970. 
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EXPER I MENTAL TRANSM I S S I O N  OF P N E U M O N I A  I N  SHEEP  
W I T H  A MYCOP LASMA I SOLATED F ROM PNEUMONIC  SHEEP  L U NG 
BY 
T.D. ST.GEORGE, N .D.  SULLIVAN, J .A. LOVE· and Ni col a HORSFALL 
Dr .  Love i ni t i ated the fi el d  i nvestigati ons i nto sheep pneumoni a  i n  
southern Queensl and and conti nued and deve 1 oped the i nvesti gat i ons.  
The experimental work was pl anned by Mr. St . George and myse lf  and the 
paper was written j oi ntly.  Mi ss Horsfa l l  improved the cul ture method 
for the mycoplasma and prepared a 1 1  i nocu l a  • 
. . !-'!� .�. !:.c:/&�;-. . . . .  
N .  ts:<'s�i'l i van (Co-Author ) 
I agree wi th the statement made by Dr. Sul l i van • 
--:rtL . .  � ::.: . .  \ �� . .  D���'; � · rx':3 \ 
Addi t i onal Comments :  
. . . . . . .  /-:::. .:: . . . . . . . . . . . . . . .  . 
/ J.A. Love (Co-Author ) 
../ 
. .  �! . 
J "' Nicola 
EXPERIMENTAL TRANSMISSION OF PNEUMONIA IN SHEEP WITH A MYCOPLASMA 
ISOLATED FROM PNEUMONIC SHEEP LUNG 
Poor growth rate and intolerance to exercise in 
lambs have been a problem on two large farms in 
southern Queensland for some years and cause serious 
economic loss. One of us (JAL) found that pneumonia 
was associated with this condition. Pneumonia was 
produced by the intra-tracheal injection of ground pneu- 
monic lung originating from sheep from each of these 
farms to lambs derived by caesarian section. 
A cytopathogenic agent was isolated from the lungs 
of one of these lambs in bovine testitis tissue cultures 
grown in medium 199* plus foetal calf serum. The 
cytopathic effect occurred at about 12 days and the 
altered cells rounded up in clumps. The pH of the 
medium fell slightly about the same time. The cyto- 
pathogenic agent was passaged in Hanks' medium plus 
0.5% lactalbumin hydrolysate, 0.1% yeast extract and 
either 10% foetal, or young calf, serum. The agent 
grew readily in this medium but poorly on plates made 
from this medium plus 1% agar, and would not grow 
on standard mycoplasma media. 
+ Commonwealth Serum Laboratories, Parkville, Victoria. 
The organism had the following characteristics; it 
passed through a membrane filtert, average pore diameter 
220mfi at a reduced titre, it grew in the presence of 
thallium acetate, methylene blue, streptomycin, penicil- 
lin, tetrazolium chloride (no reduction), but not in the 
presence of 100 pg/ml tylosinS. It was sensitive to 
chloroform and did not haemagglutinate sheep, ox or 
guinea-pig red blood cells at 4"C, 37°C or room tem- 
perature. 
The colonies that grew on solid media were tiny, 
colourless, round with a convex surface but no central 
prominence. Impression smears stained by Dienes 
method (Maramarosch and Koprowski 1968) showed 
the morphology of mycoplasmas. Mr. G. S .  Cottew of 
CSIRC Animal Health Laboratories, Parkville, (personal 
communication) stated that this organism was related 
by the growth inhibition test to the "centreless" strains 
or mycoplasmas isolated by him from sheep lungs 
t Millipore Corporation, Bedford, Massachusetts. 
f Tylan, Elanco. (Australia) Pty. Ltd., Sydney. 
TABLE 1 
A Summury of Transmission Experiments with a Mycoplasma Isolated from Pneurnonic Sheep Lung 
Sheep Dose and No. of Myco- Clinical Proliferative 
NO. Age Route of Days from plasma Pneumonia Interstitial 




- - 41 4 days)  2 m l  8 no no NVLt 42 4 days) medium I/T 8* no no NVL 
yes Consolidation R Apical 
+++t 
+++ 
39 4 days) lo'.' 1/T 2* Yes cardiac diaphragmatic 
3* Y e s  yes NVL + 1 40 4 days 1 Mymplasmas 
50 3 days lo'.' I/T 3* Y e s  yes Consolidation in all lobes, 
Mycoplasmas pleurisy 
Lambs Born Normally 
C1,cZ 4 months Nil 14, 19 no no NVL - 
51 4 days) Maximum I@.' 8 yes yes Lungs grey, prominent +f 
52 28 days) in aerosol 14 no no NVL 
septa - ) Mycoplasmas 
55 5 days Contact with Consolidation R Apical 
51, 52 19 Yes yes cardiac diaphragmatic ++ 
no Lungs grey ++ 
NVL + 203 3 years Contact with 26 yes 198 3 years 51, 52, 55 19 no no 
* Died 
t NVL = N o  visible lesions 
t- = Isolated lobular areas of septal cell proliferation and atelectesis. + + = Diffuse lobular areas septal cell proliferation and extensive areas of atelectesis. + + + = Generalised septal cell proliferation and extensive areas of atelectesis, focal areas of leucocytic iufiltratim, marked hyper- 
plastic and degenerative changes in bronchiolar epithelium. 
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(Cottew and Leach 1969), but that it differed in growth 
requirements from these strains. 
The 8th subculture (6th in non-living media) was 
used to produce pneumonia in artificially reared 
caesarean lambs and also in normally born lambs by 
either intra-tracheal injection, aerosol or contact. A 
summary of these experiments is shown in Table 1. 
Some of the caesarean lambs. both the artificially in- 
fected and the controls, suffered an intercurrent infec- 
tion with Klebsiella aerogenes o r  Actinohacillits lig- 
nieresi. These lambs had an elevated temperature before 
death, but all other lambs and a h  the ewes had no 
temperature response. The distinctive lung sounds were 
a dry rales, particularly on inspiration, which occurred 
at  varying times between 3 and 12 days after infection. 
Some of the youngest lambs developed marked dyspnoea 
before death. 
At post-mortem examination, the lungs of infected 
sheep had a greyish appearance. This was usually 
associated with the presence of irregularly shaped, de- 
pressed, red areas of consolidation varying in size from 
2-3 mm to 3 cm across. The histological response of the 
lungs to infection with the mycoplasma was prolifera- 
tion of the septal cells. This change was of a lobular 
nature, but affected lobules were irregularly distributed 
throughout the lungs. Progressive extension of this 
change resulted in the lungs having the greyish macro- 
scopic appearance. Concurrently. there were proliferative 
and degenerative changes in the bronchiolar epithelium, 
and the extent of the lesions in the air pathways was a 
striking feature of the more severe cases. Exudative 
changes were minimal, but hyaline membrane formation 
was noted in some cases. Consolidation appeared to 
he a sequel of the obstructive bronchiolar changes and 
obliteration by proliferating septal cells. The progression 
of this process led to macroscopically visible eonsolida- 
tion. Leucocytic infiltration was generally rextricted to 
a few lymphocytes in the alveolar septa and isolated foci 
of  neutrophils in consolidated areas. Lymphoid hyper- 
plasia was not a prominent feature. The histopatho- 
logical lesions of the lungs of our experimental sheep 
were indistinguishable from those ohserved in field 
cases. 
The inoculum used in the experiments shown in 
Table 1 represented a theoretical dilution of 10'' of 
the original lung material and 10ID of the tissue cultures 
and possibly could have contained a virus carried over 
with the mycoplasma. No virus was detccted in the 
tissue culture stage by use of the electron microscope. 
and it is unlikely that viable tissue cells were carried 
through the non-living media, which w a s  in  tissue cultiire 
tubes, as no  tissue cells were observed and three freezing 
stages were interposed. The porsihility of the carry over 
or a virus was eliminated by a further experiment in 
which the 13th subculture in a non-living medium was 
used. which had been passaged twice at  limit dilution, 
and which represented a theoretical dilution o f  l o "  from 
the last tissue culture passage. A proliferative inter- 
stitial pneumonia was produced in two 8-month-old 
lambs by exposure to an aerosol containing 10"" myco- 
plasmas of this passage level. 
In its cultural characteristics, the organism reported 
here closely resembles the mycoplasma isolated from 
the lungs of cases of sheep pulmonary adenomatosis 
(jaagsiekte) in the United Kingdom by Mackay et a1 
(1963) and Mackay ( 1966). These authors considered 
that the mycoplasmas had doubtful aetiological sig- 
nificance in jaagsiekte, and that disea-e does not occur 
in Australia. 
Investigations, which will be reported separately, 
have shown that there is a slowly developing interstitial 
pneumonia in sheep in Queensland (Sullivan et a/ 
unpublished) and also in Victoria (,St. George and Lief- 
man unpublished). The probability is that lambs in 
Australia may be infected shortly after birth with 
a mycoplasma and develop a proliferative interstitial 
pneumona, but that obvious clinical signs of pneumonia 
are not detected for come months. At this time, the 
lesions are much further advanced, and when the de- 
mand on the lungs for oxygen or heat exchange is 
increased by high atmopsheric temperatures or ex- 
ertion, clinical signs become manifest. 
The clinical signs and post-mortem appearance do  
not appear to fi t  this pneumonia into any of the 
classifications of sheep pneumonia defined by Stevenson 
( 1969) nor do they resemble those of the pneumonias 
attributed specifically by others t o  mycoplasmas (Per- 
greffii et al 19.59, Farzaliycv at rrl 1962, Colusi et a1 
1964). 
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NICOLA HORSFALL, B.Sc. 
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P.O., Indooroopilly, Queensland, 4068, and Animal 
Research Institute, Department of Primary Industries, 
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A PROLIFERATIVE INTERSTITIAL PNEUMONIA OF SHEEP 
ASSOCIATED WITH MYCOPLASMA INFECTION 
1. Natural History of the Disease in a Flock 
N. D. SULLIVAN*, M.V.Sc. 
T. D. ST. GEORGE,?, M.V.Sc., and NICOLA HORSFALL~, B.Sc. 
Introduction 
A number of infective agents, including Pas- 
teurella, Mycoplasma, Chlamydia and para- 
influenza type 3 virus, have been associated with 
ovine pneumonia (St. George 1972), but none 
of these has been clearly demonstrated as an 
important primary pathogen under field con- 
ditions. In addition, the pneumonias of sheep 
have not been fully defined and thus no unifying 
aetiological concept of ovine pneumonia has 
emerged. 
This report describes a study of the patho- 
genesis of a primary mycoplasma pneumonia of 
sheep by sequential clinical, pathological and 
microbiological investigations in a naturally 
affected flock. 
ClMcal History 
A prime lamb raising enterprise reported a 
recurrent problem with poor growth, excess 
mortality and exercise intolerance in the lambs. 
The farm was situated in southern Queensland 
and the breeding flock consisted of 6,000 Border 
Leicester - Merino cross ewes which were mated 
to Dorset Horn rams. Preliminary clinical 
examination of affected lambs confirmed the 
presence of pneumonia in the flock. Most of the 
lungs of lambs aged 16 weeks and over examined 
at abattoirs had pneumonic lesions. A common 
finding was lobar consolidation affecting mainly 
the right apical, right cardiac and left cardiac 
lobes with the remainder of the lung having a 
greyish appearance. Lungworm infection does 
not occur in this area. Pasteurella multocida and 
Actinobacillus lignieresii were recovered from 
some of the lungs. Histopathological examination 
indicated the presence of a proliferative inter- 
stitial pneumonia. 
Materials and Methods 
Experimental Sheep 
Three weeks prior to lambing, 100 ewes were selected 
at random from the main flock and run in a separate 
paddock. Thev were individually identified by ear tags, 
*Queensland Department of Primary Industries, Animal Research 
t Divisiod of Animal dealth, CSIRO, Long Pocket Laboratories, 
Institute Yeerongpilly Queensland 4105. 
Private Bag No. 3, Indooroopilly, Queensland 4068. 
examined clinically and blood samples were collected. 
During the period of lambing, which extended over 
five weeks, the lambs were identified by ear tags and 
the date of birth and number of the dam recorded. 
A flock of 107 lambs was then available for study. 
The ewes and lambs were kept together throughout 
the period of these investigations. 
0 bservations 
For three months from the start of lambing, fort- 
nightly visits were made to the flock. Each lamb was 
examined clinically and lambs were selected on an age 
basis for transport to  the laboratory to establish a 
series of autopsies a t  approximately weekly intervals. 
For the ensuiE three months, the lambs were examined 
monthly, and the age difference between lambs selected 
for aumpsy extended to one month. 
Serum samples were obtained from all lambs within 
two months of the start of lambing. All Iambs were 
then bled a month later. Thereafter, 10 lambs were 
selected at random and blood samples were collected 
from these selected lambs at monthly intervals. 
Clinical Examination 
At clinical examination particular attention was given 
to the respiratorv system. Auscultation was carried out 
by placing the head of the stethoscope against the right 
side of the thorax, a little forward of the olecranon on 
the relatively bare area of skin. If any abnormality 
was detected, a more extensive auscultation of the 
thorax was made. 
Autopsy Procedure 
The sheep were examined clinically and nasal swabs 
were taken prior to anaesthesia. Lambs were placed 
on the autopsy table right side uppermost and bled by 
severing the axillary vessels. The trachea was then 
dissected free and clamped with artery forceps. The 
right side of the thoracic cage was removed. Macro- 
scopic lesions were sketched on prepared lung outlines 
and photographed. Samples of lung were collected 
aseptically for microbiological examination. This al- 
lowed some collapse of the inflated lung. The thoracic 
contents were then removed and anv lesions on the left 
lung or the intermediate lobe recorded. Bronchial 
lymph nodes were removed for histological examination 
and heart blood, liver and kidney were sampled for 
microbiological examination. 
The lungs were suspended and 10% buffered neutral 
formalin was injected into the trachea until fixative 
oozed freely from the cut surface remaining after the 
removal of the samples for microbiological examina- 
tion. After approximately 6 hr, blocks were cut from 
all lobes and from representative macroscopic lesions. 
These were immersed in 10% buffered neutral forma- 
lin for further fixation. Blocks were embedded in 
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TABLE 1 
Sequential Clinical Microbiological and Pathological Findings in the Lamb Flock 
Pneumonia My coplasma 
Lamb Age Detected by Bacteriology (Centreless Lobular Lobar Other Lesions 
Apparently Normal Flock 
No (days) Auscultation Colonies) Atelectasis Consolidation 
- - - - - - 2 1 2 11  + 
18 - 3 
4 22 + 
5 31 
38 4 6 
44 - 7 
s 50 
- + + + + + + 
- - 
- - 4 - - 4 - - - - - - 4 - + + - - - - 
9 57 + 
10 64 + 
1 1  71 + 
12 78 + 
13 82 + 
14 92 + 
I5 124 + 
16 150 + 
17 180 + 
Flock now showing Overt Clinical Pneumonia 
in lung abscess 
P. haemolytica + + 
+ 
Act. lignieresii 4- + + + 
Mycoplasnia '+ + 




colonies) - - - 
- C .  pyogenes + 
in lung abscess 
P. multocida, 
P .  haemolytica + - 
+ Pleurisy; abscess 
+ Pleurisy 
- Lungs grey 
- 
- 
- Lungs grey + Lungs grey; did not 
collapse + Pleurisy; abscess 
+ 
paraffin, cut a t  5 p and stained with haematoxylin and 
eosin. 
Microbiology 
The nasal swab and lung, heart blood, liver and 
kidney were examined for aerobic bacteria by inocula- 
tion of blood agar and MacConkey plates. In addition, 
nasal swab, lung and heart blood were examined for 
mycoplasma by inoculation onto modified Mycopplasma 
mycoides agar (MMA) both directly and after 24 hr 
incubation in liguid medium. After storage at  -100°C 
lung tissue was further examined for mycoplasma as 
described by Carmichael et a1 (1972). The lungs were 
examined for virus by inoculation into bovine kidney 
and bovine testis monolayers and subcultured into 
similar tissue cultures at about 14-day intervals. 
Serology 
fluenza type 3 virus. 
Transmission Tests 
Samples of homogenised lung from the two-day-old 
lamb of the series shown in Table 1 were inoculated 
intratracheally into two 23-day-old lambs (twins) 
which were run with their dam and into two lambs 
each eight months of age. 
A culture of a centreless mycoplasma isolated from 
the pneumonic lung of lamb 11, 71 days old (Table 
l) ,  was used for transmission tests. The culture con- 
tained organisms per ml. Two eight-month-old 
lambs were infected by intratracheal inoculation of 
2 ml of culture. Two similar lambs were infected by 
aerosol. 
The method for aerosol exposure was to restrain 
the lamb in a closed container into which air was 
Sera were tested for neutralising antibody to  parain- 
pumped for five minutes through a nebuliser which con- 
tained 1.5 ml of liquid culture. 
Auscultation of the lungs was carried out daily on 
experimental sheep and temperatures were taken twice 
daily. The lambs were autopsied at intervals ranging 
from 2 to  26 days after exposure. 
Two sheep, aged four weeks and four months re- 
spectively. were selected at random from the same 
flock as-the experimental sheep for controls. 
Results 
Clinical Observations 
There were no obvious signs of pneumonia in 
the ewes when examined at the beginning of the 
experiment. 
There were three distinct stages in the clinical 
course of pneumonia in the lambs. An initial 
period with minimal clinical evidence of pneu- 
monia was followed by the outbreak of the acute 
disease. The third stage was characterised by 
remission of acute signs, but there was clinical 
evidence of persistent lung lesions. 
For the first 10 weeks of observations on the 
lambs the only evidence of pneumonia was dry 
inspiratory rales which could be heard during 
careful auscultation of several of the lambs. 
Severe clinical pneumonia had a sudden onset 
when the lambs were aged between 5 and 10 
weeks. The flock as a whole was obviously 
pneumonic. The main signs were repeated moist 
coughing, sneezing and a copious clear mucoid 
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Figure 2. Right lun of lamb 17,. 180 days old. illustrating 
typical appearance 07 lobar consolldation associated with the 
presence of pasteurellas. 
Figure 1. Right lung of lamb 13, 82 days old, with proliferative 
interstitial pneumonia. In  all lobes there are groups of lobules 
which are grey and partially atelectatic. There is a band of 
atelectasis in the apical lobe. 
nasal discharge. At this stage auscultation of 
affected sheep revealed loud moist inspiratory 
rales. Ten weeks after the start of lambing severe 
clinical pneumonia was present in 12 of the 
lambs. Two weeks later, similar auscultatory 
findings were recorded in 32 lambs. At 14 weeks, 
15 lambs were obviously pneumonic, but cough- 
ing had begun to subside and thereafter single 
or multiple coughs were heard only occasionally, 
and generally after the sheep were disturbed. 
Thereafter evidence of pneumonia was found less 
frequently and at six months of age moist rales 
persisted in few. Results of studies on the flock 
are summarised in Table 1. 
Gross Pathology 
The earliest macroscopic evidence of pneu- 
monia was detected at 11 days of age in lamb 
2. There were small areas of atelectasis in the 
right apical, right cardiac and left cardiac lobes. 
Similar changes were found in lambs up to 50 
days of age and in seven of the nine older lambs. 
Generally the lungs had a greyish appearance 
with areas of lobular atelectasis (Figure 1). 
Atelectasis was evidenced by either single lobules 
or groups of lobules being depressed and having 
a reddish-grey colour. This change frequently 
resulted in “bands” of affected lung tissue. 
In the lungs of five of the 10 lambs killed at 
50 days of age or more, the previous lesions were 
supplemented by lobar consolidation (Figure 2). 
There was consistent involvement of the right 
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apical lobe. The next most common sites were 
the right cardiac and left cardiac lobes. The 
consolidated portion was red and hepatized and 
a mucoid exudate could be expressed from the 
bronchioles of the cut surface. Enlarged bron- 
chial lymph nodes were associated with lobar 
consolidation. Abscesses were found in the right 
or left apical lobes of two of these lambs. 
Microscopic Pathology 
The primary lung lesion was a proliferative 
interstitial pneumonia. The predominant change 
was proliferation of alveolar septal cells resulting 
in marked septal thickening (Figures 3 and 4). 
Septa1 cells in mitosis were occasionally found. 
Proliferative changes were also present in the 
epithelium of the bronchioles especially in the 
Flgure 3. Sectlon of lung of lamb 2. 11 days old. showing 
hypercellular, thickened septa and desquamation of alveolar 
macrophages. H and E x 640. 
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terminal ones. The lesions had a predominantly 
lobular pattern and areas of atelectasis were 
associated with the proliferative changes. There 
were perivascular and peribronchial accumulations 
of lympho-reticular cells. 
The areas of lobar consolidation which 
occurred in some of the lambs more than 50 
days of age had several additional microscopic 
features which are illustrated in Figure 5. In- 
filtration by neutrophils was a constant feature. 
Large numbers of neutrophils were present in 
hyperplastic bronchioles and amongst the atelec- 
tatic alveoli. In addition there was marked peri- 
bronchiolar lymphoid hyperplasia with organisa- 
tion of the lymphoid tissue into follicles with 
distinct germinal centres. There was evidence 
of epithelialisation of alveoli, but there often 
appeared to be proliferation of bronchioles. 
Hyperplasia of the smooth muscle of the alveolar 
walls was present in two of these lambs. Re- 
active lymphoid hyperplasia of the bronchial 
lymph nodes was associated with lobar con- 
solidation. 
Micro biology 
Mycoplasmas similar to that described by St. 
George et a1 (1971) were recovered from the 
lungs of eight of the naturally affected lambs 
aged from 44 to 180 days. The organism gave 
a positive tetrazolium reduction reaction. 
In lambs killed at less than 50 days of age, 
the culture of lungs for aerobic bacteria gave 
negative results. However, from lungs with lobar 
consolidation P. multocida, P. haemolytica and 
A .  lignieresii were recovered. P .  haemolytica and 
Corynebacterium pyogenes were recovered from 
lung abscesses. There was no cultural or sero- 
logical evidence of infection with parainfluenza 
type 3 virus. 
Transmission Tests 
The infectivity of lung tissue from the two-day 
old lamb was demonstrated by transmission of 
the disease by intratracheal inoculation of homo- 
genised lung. Macroscopic lesions were observed 
in the lungs of three of four lambs inoculated 
intratracheally, and the presence of interstitial 
pneumonia was confirmed microscopically in all 
four lambs. The two lambs inoculated intra- 
tracheally with mycoplasma culture had macro- 
scopic lesions, but in the two lambs exposed by 
aerosol evidence of pneumonia was confined to 
microscopic lesions in the lungs of one lamb. 
Gross lesions seen in the lungs of the lambs were 
grey coloration, bands of atelectasis and, in one 
case, pleurisy. Clinical evidence of pneumonia 
was confined to the presence of increased respira- 
tory sounds on auscultation. There was no 
recorded temperature rise in any of the sheep. 
Mycoplasmas were not recovered from the lungs. 
There were no pneumonic lesions observed in the 
lungs of the two control sheep. 
DiSCuaSiOll 
The results of observations on the pneumonic 
lambs are compatible with the concept of a 
primary mycoplasma infection soon after birth 
complicated at a later stage by secondary bac- 
terial invasion, producing a chronic pneumonia. 
The infectivity of lung tissue from the two- 
day-old lamb of the age series and the presence 
Figure 6. Section of lung of lamb 17 180 days old showing 
portion of an area of lobar consolidat/on (see Figure'2),, Note 
Figure 4. Section of lung of lamb Q, 57 days old. Normal presence of neutrophils, perlbronchiolar lymphoid hyperplasia a i d  
alveolar septa merge into an area. of septa1 thickening. H and apparent alveolar epitheilallsation or bronchioiar proliferation. 
E x 400. H and E x 63. 
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of macroscopic lung lesions in the 11-day-old 
lamb suggest that infection occurs very early in 
life. It can be assumed that the ewes were the 
source of infection for the lambs. Although there 
was no obvious pneumonia in the ewe flock at 
the outset of the investigation, ewes with signs 
of pneumonia were noted during the course of 
observations. It seemed that older sheep were 
affected with a chronic pneumonia which was 
manifested by periodic clinical exacerbations. 
The possibility of the initiation of infection in 
utero or at birth was not examined. 
The first direct isolation of mycoplasmas was 
made at 44 days of age, but no bacteria were de- 
tected in the lungs of lambs up to 44 days old, 
and tissue culture studies revealed no evidence of 
viral infection. Also the experimental exposure 
of sheep to a culture of the mycoplasma isolated 
from a 71-day-old lamb reproduced the primary 
pathological lesion - a proliferative interstitial 
pneumonia. It is possible that only small numbers 
of the mycoplasma were present in the respiratory 
tract of younger lambs, but from about six weeks 
of age there was a significant increase in the 
number of organisms present. From this time the 
lung also appeared to be susceptible to colonisa- 
tion by bacteria such as Pasteurella. It is apparent 
that waning maternal immunity could influence 
the resistance of the lung to potentially invasive 
micro-organisms. It is now known that the cul- 
tural techniques employed at this stage of the 
investigation were not optimal (Carmichael et a1 
1972), but the relatively low recovery rate of the 
mycoplasma from affected lungs, especially from 
those of lambs early in the series, may reflect 
some aspect of the population dynamics of the 
organism. 
At first the disease was without obvious clinical 
signs and auscultation of the thorax was necessary 
to establish a diagnosis of pneumonia in experi- 
mental cases and in early field cases. On inspira- 
tion, dry rales were heard consistent with air 
passing over polypous obstructions in the bron- 
chioles. Overt pneumonia coincided with the 
onset of secondary bacterial infection when the 
lambs were aged between five and ten weeks. 
At this time the clinical signs were coughing, 
nasal discharge and moist respiratory rales. 
The clinical and microbiological progression 
was reflected in the lung pathology. The initial 
lesion consisted of proliferative changes in the 
septal cells and in the epithelium of the small 
bronchioles. This was evidenced macroscopically 
by a grey lung with lobular areas of atelectasis. 
Secondary bacterial infection caused suppurative 
changes which were associated with lobar con- 
solidation. 
The marked grey coloration of the lungs of 
three lambs late in the series is recorded in Table 
1. The colour of the lungs of the younger lambs 
was not recorded accurately because at the outset 
of the investigation lobar consolidation was re- 
garded as the characteristic lesion and the sig- 
nificance of the primary proliferative condition 
only became apparent after histopathological 
examination of lung sections. 
Pneumonias of a sub-acute or chronic type with 
predominantly proliferative lesions have been 
described in several countries. The histological 
appearance of this condition is similar to that of 
atypical pneumonia in British sheep as described 
by Stamp and Nisbet (1963). However, the 
changes resemble those of sustained irritation, so 
need not be specific to the disease recorded in 
this paper. 
The tetrazolium reduction given by the myco- 
plasma strains recovered from this flock differed 
from that recorded by St. George et a1 (1971 ) 
where it was stated that the mycoplasmas did not 
reduce tetrazolium. A solid medium incorporat- 
ing tetrazolium was used in the tests on the earlier 
isolate. However, when these tests were repeated 
on that strain using a liquid base overlaid with 
paraffin as was used with the presently described 
strains, the previously described organism was 
found to reduce tetrazolium also. 
The pasteurellas and other bacteria recovered 
from pneumonic lungs in this study, while not 
of primary aetiological significance were associ- 
ated with increased severity of the clinical and 
pathological signs of pneumonia. It is “out- 
breaks’, of pneumonia that usually initiate in- 
vestigation of the condition. This investigation 
revealed that, at this stage when clinical signs 
are obvious, secondary infection has supervened 
and the primary lesions may be obscured. 
Consideration of the biology of the Myco- 
plasmatales and these observations indicate that 
there is a specific mycoplasma pneumonia of 
sheep. The prevalence and distribution of the 
condition remain to be investigated. 
s u m  
In a flock suffering from an enzootic pneu- 
monia, the initial disease was a proliferative inter- 
stitial pneumonia associated with a mycoplasma. 
The pathogenicity of the mycoplasma was shown 
in transmission tests. The predominant micro- 
scopic change was proliferation of alveolar septal 
cells. There were also proliferative changes in 
the epithelium of the bronchioles and peri- 
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vascular and peribronchial lymphoid hyperplasia. 
Macroscopically the disease was manifested by a 
grey, less collapsible lung and lobular atelectasis. 
Infection with the mycoplasma apparently 
occurred within the first few days of life, but the 
disease was at first insidious in nature without 
obvious clinical signs. However, at five to ten 
weeks of age secondary infection with Pasteurek 
and ActinobcPcillus supervened resulting in overt 
clinical pneumonia with coughing and moist res- 
piratory rales. At this stage the primary lung 
lesions seen in younger animals were obscured 
by lobar consolidation with suppurative changes 
and peribronchial lymphoid hyperplasia. 
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A PROLIFERATIVE INTERSTITIAL PNEUMONIA OF SHEEP 
ASSOCIATED WITH MYCOPLASMA INFECTION 
2. The Experimental Exposure of Young Lambs to Infection 
N. D. SULLIVAN*, M.V.Sc. 
T. D. ST. GEORGE?, M.V.Sc., and NICOLA HORSFALL~, B.Sc. 
Introduction 
Observations on a flock affected by a myco- 
plasma pneumonia have been reported previously 
(Sullivan et a1 1972). This report describes the 
results of exposure of young lambs to a strain 
of the mycoplasma isolated from pneumonic 
sheep lung. The lambs were killed at various 
times after exposure to gain an understanding of 
the sequence of the development of lesions. 
Materials and Methods 
Experimental Lambs 
Thirty Merino ewes were mated over an 8-week 
period with Merino rams to provide lambs for the 
experiment. Serum samples were obtained from the 
ewes prior to lambing. Clinical and pathological ob- 
servations over a number of years on the Institute 
flock from which these ewes were derived revealed no 
evidence of an endemic pneumonia. During the course 
of this work, gross and microscopic examination of 
the lungs of several sheep of varying ages from this 
flock did not reveal evidence of pneumonia. 
Each lamb was identified by an ear tag, the number 
of the dam recorded and a serum sample collected. 
Lambs were allowed access to colostrum for a day 
and then transferred t o  an isolation pen. The lambs 
were bottle fed three times daily with human milk 
substitute $ . 
Exposure to Infection 
Lambs were exposed t o  infection by one of three 
methods, intravenous inoculation (iv), aerosol and con- 
tact. The culture of the mycoplasma strain used (Y36) 
represented a theoretical 10% dilution from the original 
tissue culture material. 
Two lambs were inoculated via the jugular vein with 
5ml mycoplasma culture containing lo" colony forming 
units per ml. These lambs were housed in isolation and 
were autopsied 9 and 37 days after inoculation. 
Two lambs were exposed to  a culture of the myco- 
plasma containing 10" colony forming units per ml 
using the aerosol method described by Sullivan et a1 
(1972). These lambs were the source of contact in- 
fection for the remaining 22 lambs. These were placed 
in contact for 48 hours following the day of their birth 
and then removed to an adjoining pen. All the lambs 
were not in contact simultaneously as they were born 
over a four week period. The three pens used for 
housing the lambs communicated over concrete walls 
five feet high. Pairs of in-contact lambs were autopsied 
*Queensland Department of Primary Industries, Animal Research 
tDivision of Animal Health, CSIRO, Long Pocket Laboratories, 
$Lactogen, Nestle Company, Australia. 
Institute, Yeerongpilly, Qld.,  4105. 
Private Bag No. 3, Indooroopilly, Q'ld., 4068. 
every second day up to  14 days after exposure. On 
days 1, 3, 7, 11, 21, 28, 35 and 42 only a single lamb 
was autopsied. The donor lambs exposed to aerosol 
were autopsied eight weeks after exposure. 
0 bservations 
Lambs were examined clinically each day and rectal 
temperatures were taken twice daily. 
Procedures for autopsy, microscopic pathology, ser- 
ology and microbiology were described previously (Sul- 
livan ef u1 1972), with the exception that lung samples 
were ground with alundum, stored at -100°C and later 
cultured for mycoplasma. 
Results 
Clinical, pathological and microbiological find- 
ings are summarised in Table 1. 
Clinical Findings 
Respiratory signs were detected in lambs ex- 
posed by all three methods. The characteristic 
clinical sign was a dry, high pitched, harsh inspira- 
tory rale which was most readily heard on aus- 
cultation of the anterior portion of the right lung. 
Occasionally the rale had a moist character and 
this facilitated the diagnosis of pneumonia. Ad- 
ventitious sounds were more obvious and occurred 
with greater regularity during the second and 
third weeks of the disease. Respiratory disease 
was not obvious on superficial examination except 
in one lamb (58) that had a poor appetite and 
was coughing on the 20th day after exposure. 
At approximately 14 days after exposure the 
in-contact lambs numbers 54, 52, 58, and 55 
had difficulty in suckling for two to three days 
but appetite was maintained. Behavioural changes 
were noted in lamb 34 over the period 27 to 31 
days after iv inoculation. Several times during 
feeding, the lamb appeared to take fright and 
remain in an hyperexcited state for about one 
minute. 
There was no febrile response in any of the 
lambs. 
Cross Pathology 
A grey or reddish-grey lung was noted in 21 
of the 26 lambs autopsied. Commonly the lung 
as a whole appeared grey, rather than pink, and 
there were dull red areas of atelectasis. These 
had a lobular distribution. Frequently affected 
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TABLE 1 
Results of Clinical and Post Mortem Examinations on Lambs Exposed to Mycoplasma by Contact With Infected 
Lambs, by Exposure to Aerosol of Culture and by Intravenous Inoculation of Culture 
Macroscopic Findings in Lung? Method and Days on Which 
Lamb Time After Clinical Colour Lobular Lobar 
No (days) Eeurnonja Grey or Atelectasis Consolidation Other Lesions 
I%?Cted Red-grey 
56 Contact 1 + - Did not collapse + 
2 + 39 45 2 + 57 3 + 
40 4 4 + 
44 4 4 + 
38 6 6 + 
43 6 4-5 + 
59 7 7 + 
41 8 8 + 
42 8 8 + 
46 10 6-9 + 
49 10 8-9 + - - Patchy grey-red areas 
53 11 1-11 + 
41 12 6-12 + 
48 12 9-12 + 
50 14 6-14 + 
51 14 14 + 
54 21 1-21 + 
52 28 3-27 + + + 58 35 19-35 + 
55 42 9-28 - + 
37 56 4-34 - 
35 i.v. 9 7 
34 37 10-37 + + 
- - - - - - 
1, - Did not collapse. Meaty 
consistency; frothy exu- 
date in bronchi - - Did not collapse - - Frothy exudate in 
bronchi + 
- + Pleurisy 




- + Pleunsv. Did not col- 
- 
, 
- - - 
- - 
- - - - - Did not collapse - 
lapse - - , - 
- Did not collapse 
- Did not collapse - Meaty consistency 
- - 
- 36 Ae;bsol 56 10-27 + - - - - 
tall lambs showed microscopic evidence of interstitial pneumonia. 
lobules were contiguous giving bands or irregu- 
larly shaped areas of atelectasis. Lesions of this 
type are illustrated in Figure 1. 
Figure 1. Right lung of lamb 34, 37 days after Intravenous 
inoculation of rnycoplasma culture. Proliferative Interstitial 
pneumonia. In the apical lobe, progressive lobular atelectasis 
has resulted in extensive dark areas of atelectatic lung. 
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In three lambs there was lobar consolidation 
and pleurisy. Affected lobes were firm and red 
and on incising mucus could be expressed from 
the bronchioles. One of these lambs (number 
46, aged 10 days) also had a fibrinous peri- 
carditis (Figure 2).  
Gross lesions predominantly affected the right 
apical lobe followed in frequency by the right 
cardiac and the left cardiac lobes. 
Failure of the lungs to collapse normally on 
incision was noted in six lambs and was a feature 
of several of the lungs which had no  discrete 
lesions. In general, the lungs appeared to have 
a greater than usual density. Two of these lungs 
had a marked meaty consistency when incised. 
No lesions of the joints were found in any of 
the lambs. 
Microscopic pathology 
Microscopic evidence of interstitial pneumonia 
was present in all lambs. An increase in free 
alveolar cells resembling alveolar macrophages 
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Flgure 2 The heart and lungs of lamb 46 10 days after exposure 
to the mycoplasma by contact. There is 'a fibrin plaque on the 
eplcardlum and lobar consolidation of the cardiac lobe. 
occurred early in the disease process (Figures 
3 and 4). There was marked thickening of 
alveolar septa due to proliferative changes in the 
alveolar wall (Figure 5 ) .  The epithelium of the 
bronchioles, especially the terminal and respira- 
tory bronchioles, showed hyperplastic and de- 
generative changes (Figure 3) and large bron- 
chioles occasionally exhibited marked goblet cell 
hyperplasia. Mitoses were readily found in hyper- 
plastic bronchiolar epithelium and in proliferating 
septal cells. Except for the presence of a few 
neutrophils early in the disease process exudative 
changes were minimal and there was little 
evidence of hyaline membrane formation. Alveo- 
lar collapse (atelectasis) was a prominent feature. 
Lesions were best developed in the right apical 
and cardiac lobes, but the disease process was 
Figure 4. Section of lung of lamb 51 14 days after exposure 
to the mycoplasma by contact. This i l l h ra tes  the lobular nature 
of the disease process. One lobule features excess numbers of 
alveolar macrophages while septal thickening and atelectasis are 
more prominent in the adjacent lobule. H and E x 160. 
diffuse as changes were usually found in sections 
taken from all lobes of the lung. However, the 
lesions had a lobular distribution in that lobules 
of normal appearance were found in the vicinity 
of affected lobules and adjacent lobules were 
often at a different stage of the disease process. 
Changes were most prominent in subpleural areas 
and adjacent to interlobular septa. 
There was considerable variation in the severity 
of changes found in lambs killed at similar 
intervals after exposure. It is thus not possible 
to describe the progression of the disease on a 
precise temporal basis. Only slight changes were 
detected in the lungs of the lamb exposed for one 
day, but well developed interstitial pneumonia 
Figure 3. Section of lung of lamb 34. There are dysplastic 
changes in the epithelium of the bronchioles perl-bronchial Figure 5. Section of lung of lamb 49 10 days after exposure 
lymphoid hyperplasia, septal thickening and dbsquamatlon of by contact, showing septal thickening hue to cellular prolifera- 
alveolar macrophages. H and E x 160. tion. Note mitosis in Septa1 cell in central area. H and E x 400. 
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was present in both lambs autopsied two days 
after exposure by contact. Features of the earlier 
stages of the disease process were the presence 
of alveolar macrophages and small numbers of 
neutrophils. Alveolar macrophages were promi- 
nent in 10 of the 18 lambs autopsied within 14 
days after exposure and neutrophilic infiltration 
was noted in 11 of these lambs. Large numbers 
of neutrophils were present in the three lambs 
with lobar involvement and small numbers of 
neutrophils were present in the remaining eight 
lambs. The neutrophils were situated either peri- 
vascularly, within alveoli in company with alveo- 
lar macrophages or were scattered through atelec- 
tatic areas. Proliferative changes in alveolar 
septa1 cells and in bronchiolar epithelium, to- 
gether with varying degrees of atelectasis, were 
the dominant features in lambs killed during the 
period 21 to 56 days after exposure. 
Evidence of peribronchial and perivascular 
lymphoid hyperplasia was detected in 11 of the 
lambs. This change occurred in lambs killed 6, 
10, 12, 14(2), 21, and 35 days after contact. 
The lesion was more prominent in the two lambs 
killed 56 days after aerosol exposure and in the 
two lambs inoculated intravenously. 
Microbiology 
The only evidence of secondary bacterial 
invasion was the isolation of coliforms from the 
lungs of two of the lambs. No mycoplasmas 
were isolated in tissue cultures from the stored 
lung material. There was no evidence of viruses 
in the lungs and no serological evidence of para- 
influenza type 3 virus infection. Some lambs had 
antibody to this virus after receiving colostrum, 
but the titre declined with the increase of age 
of the lamb so was presumably maternal. 
Discundm 
The production of the disease by aerosol 
exposure and by contact demonstrated the in- 
fectivity of the organism by the respiratory route. 
The development of pneumonia after intravenous 
inoculation suggests the predilection of the causal 
organism for the lungs. 
The clinical and pathological features of the 
disease resulting from experimental infection of 
lambs closely resembled those of field cases of 
proliferative interstitial pneumonia from which 
the mycoplasma was recovered (St. George et a1 
1971; Sullivan et a1 1972). 
Usually the experimental disease was not 
attended by obvious clinical illness or signs of 
respiratory distress. However, on auscultation of 
the thorax harsh high pitched inspiratory rales 
could be heard. These are consistent with the 
occurrence of air turbulence that could be caused 
by the proliferative occlusive changes in the distal 
airways. The transient difficulty in suckling 
experienced by four of the lambs exposed by 
contact and the behavioural changes in one of 
the lambs inoculated intravenously suggest the 
possibility of central nervous system involvement 
in the disease. M. galzisepticum and M .  neuro- 
lyticum produce neurotoxins in turkeys and in 
mice respectively (Hayflick 1969). Bibereld 
(1971) demonstrated that patients may develop 
antibodies against brain tissue in the course of 
M .  pmumoniae infection and proposed that an 
auto-immune mechanism could be a factor in 
the neurological complications which may occur 
in this disease. 
The failure to recover mycoplasma from the 
exposed lambs, in either tissue cultures or in 
artificial media, means that proof of the speci- 
ficity of the pneumonia was not obtained. How- 
ever, other infectious agents were not established 
as a cause. Bacteria were isolated from the lungs 
of only two of the lambs and parainfluenza 3 
virus was not a factor, as no direct isolations 
were made nor was there serological evidence of 
infection. There were no lungworms involved, 
as they do not occur in the Institute flock. 
The failure to re-isolate the mycoplasmas does 
not necessarily mean there were no mycoplasmas 
in the lungs, as the methods used for isolation 
have been greatly improved since. The micro- 
scopic appearance of the lungs of the experi- 
mental lambs resembled those reported by St. 
George et a1 ( 197 1 ), where the mycoplasma was 
re-isolated from the lungs of lambs exposed to 
it. There were differences in those experiments 
from these reported here. In the early trans- 
mission experiments colostrum deprived lambs 
were more susceptible than lambs which had 
received colostrum and a more severe disease was 
produced and the mycoplasma was more readily 
re-isolated in tissue cultures from the lungs of 
the colostrum deprived lambs. The lambs directly 
inoculated with a culture in the earlier experi- 
ments would have received a higher dose rate of 
organisms than those exposed by contact. The 
ease with which the mycoplasma was re-isolated 
appeared to be correlated with the severity of the 
lung lesions though the number of lambs was 
small. 
Another feature that was different in this 
experiment was that all the lung material was 
ground and stored at -100°C before being cul- 
tured in tissue cultures and this procedure may 
have reduced the viability of the mycoplasmas. 
Kaklamanis et a1 (1969) have shown that some 
body tissues, including lung, produce a myco- 
plasmacidal factor when ground. 
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The pneumonia of sheep which we associate in altered surfactant balance, thus contributing 
with a mycoplasma has resemblances to enzootic to alveolar collapse. 
pneumonia of swine attributed to infection with Parainfluenza type 3 virus (Hore and Steven- 
Mycoplasma suipneumoniae (synonym M .  hyo- son 1967, 1969) and Chlamydia (Boidin et d 
pneumoniae). L€ the resemblance is valid then 1958; Dungworth and Cordy 1962a, 1962b; 
our findings should be compared to those of the Stevenson and Robinson 1970) have been demon- 
Cambridge group (Goodwin and Whittlestone strated to produce an interstitial pneumonia in 
1963, 1971; Goodwin et al 1968, 1969a, b). lambs on intratracheal inoculation. Lambs killed 
They judged their success in transmitting pneu- in the early stage of parainfluenza virus infection 
monia in experimental cases on gross and micro- had eosinophilic cytoplasmic inclusions in the 
scopic changes in the lungs rather than clinical bronchiolar and alveolar epithelium while at this 
signs and for confirmation of specificity on the time in lambs infected with Chlamydia there were 
appearance of pleomorphic organisms in touch marked exudative changes and neutrophil infiltra- 
preparations of pneumonic lung more than the tion. However, in the later stages both diseases 
re-isolation of M. suipneumoniae though their were manifested by a proliferative reaction and 
ability to re-isolate M. suipmumoniae from ex- differential diagnosis of these conditions and 
perimental animals improved with experience. mycoplasma infection may be difficult. 
Goodwin et a1 (1969b) also stated that normally It has been demonstrated that obstructive 
born farm pigs, even when apparently free from changes in the small airways have severe physio- 
enzootic pneumonia, were less susceptible to logical effects (Cotes 1965). Also proliferation 
artificial infection than hysterectomy produced of great alveolar cells is potentially serious since 
colostrum deprived pigs. Also they were less the experimental reproduction of this condition 
susceptible to infection when placed in contact has resulted in an adverse effect on gas exchange 
with infected pigs (Goodwin and Whittlestone (Kapanci et a1 1969) presumably due to the 
1971). Judged against this background, the con- increased thickness of the great alveolar cell in 
tact transmission needs to be repeated with comparison with normal alveolar epithelium. This 
colostrum deprived lambs and with the more disease may become clinically manifest under 
efficient methods of isolation developed by Car- conditions of stress, but possibly the main signi- 
michael et a1 (1972). ficance of this mycoplasma is that it allows 
The origin and nomenclature of the cellular localisation and multiplication of secondary bac- 
components of the alveolus which undergo re- terial invaders. 
active changes to produce interstitial pneumonia 
is a subject of debate. The septal thickening may 
result from a relative increase in numbers to the 
great alveolar cell (type 11 PneumocYte, granular 
PneumocYte). It is likely that PulmonaV inter- 
stitial cells and cells of haematogenous orlgln 
contribute to the septal thickening and lead to the 
desquamation of alveolar macrophages. 
This type of reaction is essentially a response 
to mild irritation (Omar 1964). The lesions in- 
duced by the mYcoPlasma might be the result 
of the irritant effect of the organism on lung 
tissue. This concept is supported by the absence 
of a febrile response to infection with this organi- 
ism even in the presence of Severe lung lesions. 
Similar changes have been produced in the lungs 
of guinea pigs by exposure to low levels of nitro- 
gen dioxide (Sherwin et a1 1967; Yuen and Acknowledgments 
Sherwin 1971). The production of surfactant is 
pholipid lines the alveolus and by virtue of its 
surface tension reducing properties is essential 
Summary 
Cultures of a mycoplasma isolated from the 
lungs of a pneumonic sheep injected intravenously 
or applied as an aerosol to one-day-old Merino 
lambs which had received colostrum produced a 
proliferative interstitial pneumonia. Similar lambs 
placed in contact with the two lambs which were 
exposed to  the aerosol developed a similar pneu- 
monia. The essential microscopic changes in the 
lambs which were killed at intervals varying from 
1 to 56 days after exposure were proliferation of 
alveolar septal cells and of the epithelium of the 
terminal bronchioles and alveolar atelectasis. The 
mycoplasma was not recovered from the lungs of 
the experimentally exposed lambs. 
The assistance of Professor Leland E. Car- 
ascribed to the pea t  This phos- michael, D.V.M., PhJ)., with the culture of myco- 
plasmas is greatly appreciated. 
References for the elastic qualities &f rung tissue and for the prevention of atelectasis. The status of surfactant 
pected that the septal cell response would result 
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IN A BRIEF communication, St. George et al. 18  described the experimental transmission of pneumonia in sheep by 
the intratracheal inoculation of a suspension of pneumonic 
lung tissue that was obtained from a lamb in a Queensland 
(Australia) flock with greater than 90 percent incidence of 
clinical pneumonia. Principal clinical features of the natural 
disease were high morbidity and low mortality, exercise in­
tolerance and inadequate weight gain in lambs, low incidence 
of respiratory distress in the flock at rest, and high incidence 
of a progressive pneumonia that at first could be detected by 
auscultation in lambs 5 to 10 weeks of age.20 Overt pneumonia 
was most pronounced in lambs between 10 and 15 weeks of age. 
Signs then commenced to subside and clinically apparent 
cases were sporadic thereafter. Nevertheless, examination at 
slaughter of lungs of lambs aged 16  weeks and older, re­
vealed nearly 100 percent incidence of pneumonic lesions. 
Macroscopic and microscopic lesions in field cases and in ex­
perimentally inoculated lambs consisted of a proliferative 
*Present Address : Veterinary Virus Research Institute, New York 
State Veterinary College, Cornell University, Ithaca, New York 14850. 
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interstitial pneumonia typified by septal and bronchiolar 
epithelial cell hyperplasia and proliferation. There was only 
minor infiltration by lymphocytes or neutrophils. Detailed 
histopathological studies of both the natural and the arti­
ficially produced disease have been reported.20•21 
Initially, a cytopathogenic agent was isolated in bovine 
testicular cell cultures from a suspension of ground lung tissue 
from a pneumonic lamb.18 Cytopathic effects were accom­
panied by a marked acid change in the cell culture medium. 
In subsequent tests, the cytopathogenic agent was found to 
grow in nonliving liquid cell culture medium ; however, growth 
on solid media was very scant, and difficulty was encountered 
in obtaining primary isolation in artificial media from 
typical field cases or from lungs of inoculated sheep. When 
growth of the original isolant was obtained on a solid medium, 
colonies resembled those of Mycop lasma organisms. Further 
study then revealed that the cytopathogenic agent had other 
characteristics typical of Mycoplasma species, and young 
lambs inoculated by the intratracheal route with a nonliving 
inoculum that represented a 10-22 dilution of organisms propa­
gated in cell culture developed pneumonia similar to that ob­
served in field cases. 1R ·20 All attempts to isolate viral or 
chlamydia! agents failed. 
This study was initiated to investigate further the causal 
relationship between the isolated Mycoplasma organism and 
chronic interstitial pneumonia. The initially-reported18 low 
rate of isolation of Mycop·lasma in eell cultures or in artificial 
media from lung samples obtained from experimentally in­
fected lambs and field cases with overt pneumonia was not 
consistent with results of transmission trials.20 Reported here 
are studies on isolation methods and on the principal tissue 
sites of growth of the agent associated with proliferative 
pneumonia in a Queensland flock. Data are presented that fur­
ther suggest an etiological role for this agent, and character­
istics that indicate its being a novel ovine Mycoplasma species 
also are discussed. 
MATERIALS AND M E THODS 
Specimen collection. Samples for culture were obtained 
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from two sources : a flock in southern Queensland with greater 
than 90 percent incidence of clinical pneumonia (flock I )  and 
a flock of healthy sheep located near Brisbane, Queensland 
( flock II) . A description of clinical and pathological obser­
vations on these animals has been reported. 18 •20 Sterile cotton 
swab samples were obtained from the nasal sinus, pharynx, 
conjunctival sac, prepuce, and vagina. Bronchial washings also 
were collected from some animals at the time of necropsy. 
Lung tissue was collected at the time of slaughter or at 
necropsy. 
Bronchial and tracheal specimens were obtained from 
several lambs by inserting a sterile swab approximately 4 
inches into the major bronchi supplying the left diaphragmatic 
or apical lobe, and by swabbing the terminal portion of the 
trachea. After samples were taken, swabs were placed di­
rectly into liquid culture medium, described below, and trans­
ported to the laboratory for culture. 
Bronchial washings were made in a sterile manner by 
pouring approximately 100 ml of Hanks' saline solution into 
the transected trachea. After gentle kneading of the lung, 10 
to 20 ml of somewhat opaque fluid was obtained. This fluid 
then was cultured either as whole washing or, following cen­
trifugation at 1,000 Xg for 15 minutes, as clear supernatant 
and cell sediment portions. The ·cellular portion, which con­
sisted principally of alveolar macrophages as judged by stain­
ing with Giemsa's, was washed twice in Hanks' saline before 
culturing. The supernatant portion was stored frozen at -25 C 
for further tests after it had been cultured for Mycoplasma,. 
Lung tissue was removed aseptically from the apical, 
cardiac, or the diaphragmatic lobe and portions were cultured 
for aerobic organisms on sheep blood agar and MacConkey 
media. Bacteriological findings were reported previously.20 •21 
Lung specimens were made to a 10  percent (wjv)  suspension 
in Hanks' media and finely ground with acid-washed car­
borundum abrasive. They were either cultured for Myco­
plasma, as described below, or stored in a liquid nitrogen 
freezer. Occasional lung samples were stored frozen as pieces 
until examined. 
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Media. Because of initial difficulties in obtaining growth 
on several different solid media described for primary iso­
lation of bovine, human, and avian mycoplasmas,2 • 5 • 17 pre­
liminary studies were done which revealed that the agar*  
component of  media obtained from two laboratories in  Bris­
bane had an inhibitory substance. This material could be re­
moved effectively by addition of 5 mg percent of DEAE 
dextrant to melted agar, a method employed by others22 to 
remove polysulfonated polysaccharide inhibitors of certain 
avian Mycoplasma species . To obviate this problem, all solid 
media used in this study was prepared\ with "pure agar."t 
The standard liquid medium (BHS-L) used for primary 
isolation was selected after tests of various formulations re­
vealed little difference in growth characteristics of ovine lung 
isolants, provided that the serum portion was swine or rabbit 
serum, both of which supported luxuriant growth. Serums 
from horses, sheep, and calves also were satisfactory, but 
growth, as judged by morphology, size, and rate of colony de­
velopment, was somewhat inferior to that obtained with swine 
or rabbit serum media. Standard liquid medium ( BHS-L ) con­
sisted of 45 parts Hanks' medium§ that contained lactalbumin 
hydrolysate (0 .5  percent ) and yeast extract ( 0 .1 percent) ; 45 
parts beef heart infusion broth prepared according to the 
manufacturer's [ [  instructions, except that the amount of 
tryptone added was doubled, and 10 parts heated (56  C for 
30 minutes ) swine serum that had been tested previously for 
ability to support growth of selected ovine Mycopla'8ma 
strains. Thallium acetate ( final concentration of 1 : 4,000 ) 
and 200 IU penicillin G per ml were added as bacterial in­
hibitors. The pH was adj usted to 7.8-8.0 with 10 percent 
NaOH. Sterilization of serum and basal liquid portions we!e 
done separately, using membrane filtration ( Millipore, type 
HA ) # for serum and/ Hanks' medium components ; beef heart 
infusion broth was autoclaved at 121 C for 15 minutes and 
*Bacto Agar, Difco Laboratories, Detroit, Mich. 
tPharmacia Fine Chemicals, Piscataway, N.J. 
tKoch-Light Laboratories, Colnbrook, Bucks, Eng. 
§Commonwealth Serum Laboratories, Pty. Ltd., Melbourne. 
I I  Beef Heart for Infusion, Difco Laboratories, Detroit, Mich. 
# Millipore Corp., Bedford, Mass. 
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cooled before pH adj ustment. Freshly prepared BHS-L medi­
um was translucent and red in color. Precipitated deposits 
were not seen after storage for as long as 6 weeks . To pre­
pare solid medium ( BHS-A ) , 2 g of pure agar were dissolved 
by heating in 100 ml of stock beef heart infusion broth. After 
autoclaving, the 2 percent agar basal medium was stored at 4 
C in 100-ml amounts until used. For preparing plates, 2 per­
cent agar basal medium was melted in a bath of boiling water 
and then cooled to 50 C. Final solid medium consisted of 45 
parts beef heart infusion agar base, 45 parts supplemented 
Hanks' medium, as described above, and 15 parts heated swine 
serum. Thallium acetate was added to a final concentration 
of 1 : 2,500 from 2.5 percent stock solution. Approximately 15 
ml of medium were added to each 9-cm petri plate. Plates then 
were left to dry at room temperature for several hours in a 
�terilized enclosure. Dried plates were stored at 4 C for not 
more than 5 days before use. Properly prepared plates were 
translucent, with the characteristic red color of phenol red 
indicator at pH 7.8-8.0.  Plates stored for more than 1 week 
usually were unsatisfactory for propagating certain myco­
plasmal isolants. 
Organisms which were to be used as antigens for anti­
serum production were grown in 1 L batches in a liquid medi­
um similar to BHS-L, except that rabbit infusion broth and 
rabbit serum was used to replace beef heart infusion broth 
and swine serum, respectively. R abbit infusion broth was pre­
pared according to the procedure of Sabry. 17 After 5 days of 
growth, organisms were sedimented by centrifugation at 
10,000 X g  for 20 minutes and then washed twice with Hanks' 
saline solution. The final deposit was resuspended at 1 : 50 the 
original volume in phosphate-buffered saline (pH 7.4) , di­
vided into 2-ml portions, and stored at -25 C until used for 
inoculation. 
Cultural methods. Ground tissue suspensions and bron­
chial washings usually were cultured by two methods : ( 1 )  
direct culture was done by streaking a loopful o f  undiluted 
or diluted ( 1 : 10 and 1 : 100) suspension onto the surface of 
solid medium and allowing it to dry ; ( 2 )  indirec:t culture was 
done by inoculating 0.2-ml amounts of a sample into tubes 
that contained 3 ml of BHS-L medium. Inoculated liquid medi-
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urn was incubated at 37 C for at least 8 days. Three or 4 
days after initial inoculation, a loopful of liquid culture medi­
um was streaked onto solid medium ( BHS-A ) and, at inter­
vals, similar subcultures were made until the results were 
judged positive or negative by the presence or absence of 
growth on solid medium. Inoculated plates always were in­
cubated in a sealed jar that contained a lighted candle, be­
cause reduced oxygen tension favored primary isolation of 
Mycoplasma organisms from the lower respiratory tract. The 
atmosphere in the j ar was kept- moist by addition of a small 
(approximately 5 cm2) water-saturated cellulose sponge. 
All plates were examined daily, or at 2-day intervals with a 
conventional microscope at a magnification of 25 X .  Growth 
and colony morphology were recorded, and the pH of the 
medium surrounding colonies was noted. For the transfer of 
isolants to be studied, isolated colonies were located and a 
block of agar containing what appeared to be a single colony 
was transferred to liquid medium. After further incubation, 
10-fold dilutions were made and loopfuls streaked onto solid 
medium. Isolated colonies were transferred two additional 
times before further study or storage in a liquid nitrogen 
freezer. 
Swab specimens were taken either in the field or at the 
time of necropsy at the laboratory and placed directly in 
BHS-L medium for culture by the indirect method. Inoculated 
broth was streaked onto solid medium after 3 days of incuba­
tion and again at intervals thereafter. Subculture was done 
when an acid pH change (yellow) was observed in inoculated 
BHS-L medium. In several instances where tests were made 
of stored ground lung tissue four broth-to-broth transfers 
were made in addition to indirect plating, before results were 
declared negative. 
Bio chemical and cultural characterization. Tests for glu­
cose fermentation, arginine utilization, and tetrazolium HCl 
reduction were performed in beef heart infusion medium that 
contained 10 percent swine serum and the bacterial inhibitors 
listed above. Glucose was added to a 0 .5  percent concentration 
in media adj usted to pH 7.8 .  L-arginine monohydrochloride 
was sterilized by filtration and added to liquid media (1 per-
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cent final concentration) adj usted to pH 7.0. Sterile tetra­
zolium hydrochloride solution ( 1 .0 percent) was added to make 
a 0.1 percent final concentration in broth medium. After the 
inoculation of test organisms into a set of two tubes of tetra­
zolium medium, approximately 0 .4  ml of sterile liquid parafin 
oil was layered over the broth surface of one tube.  Film and 
spots reactions were tested by adding 10 percent fresh egg 
yolk emulsion to beef heart infusion broth containing 10 per­
cent swine serum and 1 percent "pure agar." Tests for hemo­
lysin were done by the erythrocyte-agar overlay method of 
Somerson et al.,l9 using 5 percent ovine, bovine, or equine ery­
throcytes suspended in BHS-A medium. 
Antis erum. Dutch-belted and albino rabbits were im­
munized with strains of Mycoplasma ( 70/017 and Y-98)  iso­
lated from lungs of lambs with pneumonia. Organisms for 
inoculation were grown in the rabbit infusion media described 
above, that contained 10 percent rabbit serum. The initial 
inoculum consisted of 1 ml of washed, 50-times-concentrated 
antigen emulsified with an equal volume of Freund's complete 
adj uvant. * Rabbits were inoculated by both intradermal and 
subcutaneous routes, using 0 .2-ml amounts inj ected into 8 
to 10  sites. Two weeks after the initial inoculation, 1 .0  ml of 
antigen, without adjuvant, was given intravenously. This pro­
cedure, similar to the one employed by Hayflick, 1 4  was re­
peated three times at weekly intervals. Rabbits were exsan­
guinated 1 week after the final inoculation. The serum portion 
was harvested from clotted blood, sterilized by filtration, and 
stored frozen at -25 C . 
Serological tests.  Complement-fixation (CF) tests were 
done by a method similar to that described by Campbell and 
Turner, 4 using 2 .8 percent sheep erythrocytes and 5, 50 per­
cent units of complement ( C' ) . Antiserum dilutions, antigen, 
and C' were reacted for 2 hours at 37 C and tests were read 
1 hour after the addition of sensitized erythrocytes . Twice the 
amount of antigen in the highest dilution that gave complete 
fixation of C' with the highest dilution of antiserum in a block 
titration was used in all tests. Titration of C' was done in the 
* Commonwealth Serum Laboratories, Pty. Ld., Melbourne. 
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presence of antigen at the working dilution, because most anti­
gen preparations had slight anticomplementary activity. Each 
test series included a positive serum ; other reagents were 
appropriately controlled. 
Growth-inhibition tests were done by placing 0.1 ml of 
heated serum or clarified bronchial washing samples into a 
0.75-cm well punched into the agar surface of a 9-cm petri 
plate that had been streaked with an appropriate inoculum 
of test organisms and allowed to dry. In. some instances an 
equal volume of C' ( fresh guinea pig serum) was added with 
test materials. 
Metabolic-inhibition (MI)  tests were performed by a 
method similar to that described by Purcell et al. 16 In our 
tests, 0 .3-ml amounts of serum dilutions or bronchial washing 
samples were inoculated into tubes containing 2.7 ml of BHS­
L medium adjusted to pH 8 .0 .  Acid shift was observed visually. 
The highest dilution of test material that prevented an acid 
shift was considered the end point. Tests were read when 
inoculated controls that contained normal serum became clear­
ly acid. In some instances, C' was added to the MI reaction 
mixture in an amount to give a 1 :20  final dilution. The amount 
of inoculum added to each tube was 0 .04 ml ( 1  drop ) of a 10-3 
dilution of Mycoplasma that had been grown 24 to 48 hours, 
the time an acid change usually could be visualized. 
RESULTS 
Mycoplasma isolants from field sp ecimens. Results of 
attempts to isolate Mycoplasma organisms from surface epi­
thelium of sheep from the flock with high incidence of clinical 
pneumonia (flock 1 )  and from the healthy flock (flock II)  
are summarized in table I .  In the initial sampling of flock I 
( March 1971) , swab specimens cultured by the indirect method 
yielded three distinct colonial types, represented by biotypes 
Y-98, 10-C, and 2-D. Additional characteristics of these bio­
types are listed in table II. From approximately one-half the 
nasal swab samples, apparently pure cultures of a slightly 
raised, granular, and somewhat circular, centerless colony type 
( Y-98 biotype ) were iolated. Such colonies appeared on BHS­
A medium 3 or 4 days after subculture from liquid medium. 
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It was observed consistently that broth cultures that proved 
positive for the Y -98 biotype turned acid in 3 to 7 days ;  
luxuriant growth usually occurred on solid medium that had 
been inoculated on the day an acid reaction was noted. The 
highest rate of isolation was obtained by streaking liquid cul-
TABLE I 
Isolation of Mycoplasma from various sites of pneumonic and healthy 
sheep 
Number pos.t' Biotype distributiont 
Flock Date Site Total tested Y-98 10C 2-D Mixed 
I 3/71  Nasal sinus 34/38 18  0 0 16 
( Pneumonia ) Pharynx 22/38 2 14  0 6 
Conj unctiva 1/38  1 0 0 0 
Vagina 4/24 0 0 4 0 
Prepuce 2 / 6  0 0 2 0 
5/71  Nasal sinus 39/46  6 18 0 15  
Pharynx 45/46  0 43 0 2 
Vagina 3/20  0 0 3 0 
Prepuce 1 ! 6  0 0 1 0 
II 
( Healthy ) 4/71  Nasal sinus 16/33  2 14 0 0 
Pharynx 23/33 0 23 0 0 
* Pos. indicates number of Mycoplasma isolations made from a par-
ticular site, irrespective of biotype. 
tMycoplasma biotypes classified according to isolation site. Mixed 
category lists number of cultures from a particular site that contained 
more than one type ; in all instances mixtures of Y-98 and 10-C organisms. 
Other categories list cultures that were found pure. 
tures onto solid medium after 3 days of incubation, and again 
5 to 6 days after initial inoculation. Although the Y -98 bio­
type grew aerobically on primary isolation, growth was en­
hanced and colonies were more robust when incubation was 
carried out in a candle jar with a moist atmosphere. Also, 
isolations were achieved in several instances on plates incu­
bated under reduced oxygen tension that were not obtained 
when one plate of a paired set was incubated aerobically. By 
inoculation of 10-fold dilutions of liquid medium that had 
turned weakly acid, colonies always were visible on BHS-A 
medium after 4 to 5 days of incubation. Colonies that result-
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ed from inoculation of swab specimens onto freshly-prepared 
solid medium were usually granular with several small, cen­
trally-located vacuoles (figure 1 ) . When fully developed, they 
had a diameter that ranged from 80 to 200 microns. Such 
colonies did not penetrate into the agar, and were fragile 
TABLE II 
Characteristics of Mycoplasma biotypes isolated from sheep in a Queens­





( acid ) 
Arginine utilization 
Tetrazolium reduction 
Film and spots 
reaction 
Growth at 2 1-25 C  
Growth without serum 
Hemolysis of red cells 
by agar overlay 
method 
Pathogenic for ovine 
lung 
Growth inhibited by 
Y -98 antiserum 
Complement fixed 
with Y -98 anti­
serum ( titer ) 
Biotype* 









> 1 : 1,600 




< 1 : 10 




+ ( slow) 
+ 
± ( weak) 
? 
< 1 : 10 
* Number in parentheses indicates number of strains of each type 
examined. Types Y-98 and 2-D not related s·erologically to any of 11 
serotypes of ovine or caprine Mycoplasma species. Type 2-D biochemically 
similar to ovine M. agalactiae. Type 1 0"C identified by serology and bio­
chemical tests as M. arginini sp. Nov. ( Al-Aubaidi.l ) 
when touched with an inoculating loop. Maximal size was 
reached after 4 to 6 days of incubation. By that time the pH 
of the agar medium immediately beneath a colony had become 
acid, creating a pale yellow area on the normally red BHS-A 
medium. This acid reaction did not occur with other Myco­
plasma strains isolated from the study flocks. An additional 
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characteristic of Y -98 biotype isolants that allowed simple and 
rapid differentiation from other types was marked hemolytic 
activity for erythrocytes incorporated into an agar overlay 
(figure 2). Actively growing colonies of this type caused 
greenish ("beta type") hemolysis of ovine, bovine, and equine 
Fig. 1. Colonies of Y-98 Mycoplasma after 4 days of growth. Direct 
culture of bronchial swab specimen onto solid medium. Vacuolated cen­
tral portion characteristic of young colonies. X 100. 
erythrocytes within 24 to 36 hours after the blood agar over­
lay had been applied. After further incubation for 24 to 48 
hours, clear areas of hemolysis developed. The clearing re­
action was accelerated by placing cultures that had areas of 
beta hemolysis at 4 C overnight. The hyperimmune rabbit 
serum which had a homologous CF titer of 1:1,600, caused a 
12-mm zone of complete colony inhibition when 0.4 ml was 
placed in a 7-mm (diameter) well punched into the standard 
4-mm-thick agar plate. Surrounding the zone of complete in-
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hibition was a 2-to-3-mm zone of small, vacuolar colonies. Bio­
types 10-C and 2-D were not inhibited by Y-98 antiserum, nor 
by antiserum prepared against an additional strain (70 /017 )  
isolated from the lung of  a pneumonic lamb. Heterologous re­
actions between these antiserums and 10-C and 2-D organisms 
Fig. 2. Marked hemolytic activity typical of Y-98 biotype. Ovine 
erythrocyte overlay method. X 25.  
were not observed ; however, complete cross-reaction spectra 
were not obtained because antiserums had not been prepared 
against all biotypes. 
It is apparent from table I that the Y-98 biotype was 
isolated with greatest frequency from the nasal passages of 
sheep in flock I. In contrast, biotype 10-C was recovered as 
a common mycoplasmal resident of the nasal-pharynx from 
both pneumonic and normal flocks . There was a remarkable 
failure to recover Mycoplasma organisms from the conjunc­
tival sac. The single exception was the isolation of a Y-98 
type organism from a conj unctival swab sample taken from a 
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pneumonic lamb that also had severe keratoconj unctivitis. 
Only seven isolations of the 2-D biotype were made ; all came 
from vaginal or preputial swab samples. 
There appeared to be a shift in the Mycop lasma flora 
in the flock with pneumonia between the first sampling 
( March 197 1 )  and the second sampling ( May 1971 ) . Appar­
ently pure cultures of the Y -98 biotype were isolated from 
approximately one-half the lambs tested at the first sampling ; 
mixtures of the Y-98 and 10-C biotypes were recovered from 
the rest. The 10-C type appeared to predominate in the 
pharynx. At this time, more than 90 percent of the flock had 
auscultatory evidence of pneumonia. At the later sampling, 
when somewhat fewer than 50 percent had signs of clinical 
pneumonia, most animals had a mixed nasal Mycoplasma, flora 
(Y-98 and 10-C biotypes) . Only two recoveries of the Y-98 
type were made from the 45 pharyngeal samples cultured. 
Samples from the nose and pharynx of healthy sheep 
(flock II) resulted in the recovery of Y-98 types from the 
nasal sinuses of only two sheep. A second sampling of these 
sheep gave identical results . The 10-C type, however, was 
common in the pharynx of these animals, and somewhat less 
prevalent in the nasal passages. Because our principal interest 
focused on the respiratory tract, samples from other sites of 
sheep in flock II were not taken. 
Mycoplasma isolated from the respiratory tract of lambs 
at necropsy. When attempts were made to isolate Mycoplasma 
from ground pneumonic lung specimens (flock I )  that had 
been stored in a liquid nitrogen freezer for several months, 
only eight isolants were recovered from 22 specimens (table 
III ) . With a single exception, lamb Y-81 ,  all isolants had char­
acteristics of the Y-98 biotype. Mycoplasma organisms from 
the lung of the exceptional lamb were of two types - centered 
colonies that proved to be the 10-C type and fewer numbers 
of the centerless Y-98 type. Mycoplasma were not isolated 
from the respiratory tracts of 10 sheep from flock II that 
were cultured in a similar manner. After direct plating, posi­
tive results were obtained from 2/22 samples . By the indirect 
method, 2/22 samples also were culturally positive when 1 : 10  
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dilutions of lung tissue were tested. However, 8 /22 of these 
samples were positive when 1 : 100 dilutions were cultured. In 
TABLE III 
Isolation of Mycoplasma ( Y-98 biotype) from samples of triturated lung 
obtained from lambs with interstitial pneumonia 










1664 ( Y-37 ) 
1737 ( Y-13 ) 




1837 ( Y-2 6 )  
1842 
1847 
1978 ( Y-4 ) 
2289 
2293 ( Y-70 ) 
2297 ( Y-8 1 )  + 
Totals 2 /22 ( 9 % ) 
Isolation by 
Indirect plating ( no. passages ) *  
1 : 10  dilution 1 : 100 dilution 
+ ( 1 )  
+ ( 2 )  
2 /22 ( 9 % ) 
+ ( 4 ) 
+ ( 2 )  
+ ( 1 ) 
+ ( 1 ) 
+ ( 5 ):j: 
+ ( 2 )  
+ ( 4 ) 
+ ( 1 ) §  
8 /22 ( 3 6 % ) 
*Number in parentheses indicates number of subcultures before 
characteristic colonies obtained on BHS-A media. 
tNumber indicates specimen identification ; number in parentheses is 
lamb identification. 
:J:lsolation made from bronchial washing sample. 
§Mixed culture of Y-98 and 10-C biotypes. All other isolates were 
culturally, biochemically, and serologically (by metabolic-inhibition test ) 
identical to Y -98 type. 
some instances, colonies appeared after the first subculture 
onto BHS-A ; however, it was more common that colonies 
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were not found until two or more transfers in broth medium 
had been made. Organisms were not recovered from ground 
lung tissue of one lamb (Y-26 ) , but they were isolated in 
small numbers from a bronchial washing sample after five 
blind transfers had been made in BHS-L. Such findings were 
unexpected because growth on BHS-A from minimal inocula 
( end points of titrations)  always was present by 6 days, usu­
ally earlier. In all instances where there was growth of the 
Y -98 type, broth media turned acid. 
TABLE IV 
Isolation rate of Mycoplasma (Y-98 biotype )  from necropsy specimens 
of the respiratory tract of lambs with pneumonia 
Specimen Isolation rate* Percent recovery -------------------------------------
Nasal swab 13/17 76 
Pharyngeal swab 1 / 17 0 .6  
Tracheal swab 9 / 17 53 
Bronchial swab 14/17 82 
Bronchial washing 
Whole washing 2 / 7  2 9  
Cell portion 4 /7 57 
Supernatant portion 0 /7  0 
Lung suspension ( 20% ) 
Direct culture 6/40 15 
Indirect culture 11/40 25 
-- ·  - --- ---·-- -----------------------------------
*Numerator indicates positive isolation. Denominator is total num­
ber of specimens in each class cultured. 
Because isolation from stored or freshly-ground lung 
samples was inconsistent, additional materials for study were 
taken from pneumonic sheep (flock I )  at the abattoir at the 
time of slaughter, or at necropsy. B ecause abattoir specimens 
were unsuitable for certain types of culture, a consistent samp­
ling pattern could not be followed. However, samples from 
the nose, pharynx, trachea, bronchi,  and lung were taken from 
17 sheep and brought to the laboratory for examination. Blood­
free bronchial washings were obtained from seven lambs. 
Results of culture are shown in table IV. A most significant 
finding was the isolation of pure cultures of the Y -98 biotype 
from 82 percent of 17  bronchial swab samples, whereas a 
maximal isolation rate of 25 percent was realized from ground 
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lung tissue of these lambs. An isolation rate similar to that 
found with triturated lung tissue was obtained when whole 
bronchial washings were cultured. In contrast, there was a 
higher rate of Mycoplasma isolation from the cellular portion 
of these washings ; they were not cultured from the super­
natant portions. As previously found in tests of field-swab 
specimens, a high isolation frequency of the Y -98 type was 
derived from the nasal sinus. Approximately one-half of the 
tracheal swab samples also proved positive. There was a low 
recovery rate of this type frQm the pharynx. 
Serological findilngs . Complement-fixation tests of 163 
serums from sheep in the pneumonia flock, taken at  various 
stages of the clinical disease, failed to detect significant 
amounts of antibody at the 1 : 5 to 1 : 10 screening dilutions. 
Pre- and postinoculation samples from experimentally inocu­
lated lambs and from normal animals also were negative. 
Partial fixation of complement was observed in approximately 
10 percent of the field samples, but such results were not con­
sidered significant. 
Results of MI tests of serums are summarized in table V. 
Of the 205 serums from flock I tested at various intervals, 
55 had clear evidence of MI activity. Such activity was found 
only in one of 17 preinoculation serums from sheep in the 
healthy flock. Serums were judged "positive" only when the 
pH of test samples remained alkaline, i .e . ,  media remained 
pink-red (pH 7.4 to 7 .8 )  at the time control cultures had 
turned acid (yellow) . A consistent finding observed in tests 
with MI activity was the appearance of a floccular mass of 
agglutinated organisms at the bottom of the tubes. These 
aggregates were quite readily broken up by shaking the tubes ; 
however, they could be seen clearly following gentle agitation 
under proper illumination against a dark background. Con­
trol cultures and test cultures that proved negative had a 
characteristic, faintly granular, deposit that suspended easily. 
It was found important to record tests daily, and to judge re­
sults on observations made when the pH of the controls had 
changed approximately 0.8 pH unit, for several serums that 
initially had MI activity did not evidence it when readings 
l"f ...., 
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were made 48 hours later. Many tests, however, remained al­
kaline for as long as 5 days after the controls had turned acid. 
Because the frequency of Mycoplasma isolations from un­
diluted ground lung samples and bronchial washings was low, 
and the rate of recovery of organisms from bronchial swabs 
was relatively high, the possibility of an inhibitory substance 
in bronchial secretions was investigated. Four lambs from 
flock I that had had consistent signs of pneumonia for more 
than 8 months were transported to the laboratory for necropsy 
and cultural study. Swab samples, lung tissue specimens, and 
bronchial washings were taken. Results are shown in table VI. 
TABLE V 
Metabolic-inhibition tests of serums from sheep with and without inter­
stitial pneumonia 
Sampling Age of 
Results 
Flock date lambs Positive Suspicious* Negative 
I ( pneumonia ) 10/ 70 2 mo 43 /185  3 6 / 185 106/185 
3/71  7 mo 6 / 1 0  1 / 1 0  3/10 
5/71  9 mo 6 / 1 0  0 / 1 0  4/10 
II  ( healthy ) 10/70-5/ 7 1  2 wk-2 y r  1 / 1 7  1 / 1 7  15/17  
*Test results recorded as "suspicious" if  the pH was neutral or 
slightly alkaline and there were clumps of agglutinated organisms at the 
time control cultures had become acid. 
The Y -98 biotype was recovered from lower trachea of all 
lambs and from nasal and bronchial swabs of three of the 
four animals. In contrast, isolations were made from ground 
lung suspensions of only one lamb ( direct plating) and from 
the cell portion of bronchial washings from two animals. Only 
a few colonies were isolated from these specimens ; however, 
a more abundant growth was obtained from tracheal or bron­
chial swab samples. Metabolic-inhibition tests of serums from 
all animals indicated definite inhibitory activity at the 1 : 10 
test dilution, however, tests had an acid reaction 3 to 4 days 
after control cultures had become acid. Tests of bronchial 
washings, on the other hand, revealed potent inhibitory ac­
tivity. Initial screening of these samples at a 1 : 10  dilution 
OVINE MYCOPLASMA IN PNEUMONIA 671 
resulted in MI as well as growth-inhibiting activity. Growth 
that did occur after 6 days of incubation, 3 days after control 
cultures which contained luxuriant growth had become add, 
was strongly agglutinated. These reactions were not seen 
when a 2-D or  1 0-C type test organism was used, employing 
TABLE VI 
Recovery of Mycoplasma ( Y-98 biotype)  and metabolic-inhibition tests of 
serums and bronchial washings of chronically infected lambs 
Lamb 
Samples for iso lation Y-83*  YllO Y12 Y138 
Nasal swab + + + 
Pharyngeal swab - i• 
Tracheal swab 
Upper third + + 
Lower third + + + + 
Bronchial swab + + + 
Lung ( triturated tissue)  




Cell portion + + 
Supernatant 
Metabolic-inhibition tests 
Serum ( 1  : 1 0  dilution ) ± ± ± + 
Bronchial washing ( titer ):l: 320 80 160 320 
*Lamb identification number. 
tNegative for Y-98 biotype ; biotype 10-C was isolated from pharynx 
of Y-83 and Y-138. 
:j:Titer represents dilution of bronchial washing ( supernatant por� 
tion) that inhibited acid production in test cultures. See text for addi­
tional details. 
inhibition of tetrazolium reduction or arginine utilization, re­
spectively, as indicator reactions. Titration of these materials 
with and without addition of guinea pig C' ( 1 : 30  final dilu­
tion ) suggested a slight enhancing effect of C.' Although 
initial titers of bronchial washings were only about two-fold 
higher with addition of C', ,addition of this material prevent­
ed a later shift in pH of test dilutions, facilitating readings. 
There was virtually no change in results of tests containing 
C' that were kept as long as 7 days at 37 C. All dilutions that 
' I  
L 
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had MI activity also agglutinated organisms. Agglutination ' 
and not the development of nonspecific precipitates, was con-
firmed microscopically by observations of Giemsa-stained 
and unstained preparations. A growth-inhibitory substance in 
bronchial washings also was demonstrated. A narrow, but 
clearly defined, zone of inhibited colonies surrounded wells 
punched in agar medium that were charged with bronchial 
washing samples of pneumonic lambs ( figure 3 ) . The width of 
zones of inhibition around wells containing serums or bron­
chial washings was narrow when compared with zones caused 
by immune rabbit serum ; however, colonies within the inhibit­
ed areas were much smaller and more vacuolar than those 
surrounding wells that contained fetal calf serum or serum 
from healthy sheep. 
DISCUSSION 
In previous reports18 •20 • 21  concerned with chronic pro­
liferative interstitial pneumonia in Queensland lambs, investi­
gations focused on definition of clinical features, the natural 
history, and the experimental transmission of this disease. 
Detailed gross and histopathological studies of field cases, and 
the experimentally-transmitted disease, revealed principal 
pathological changes that consisted of septal cell hyperplasia 
and proliferation, and proliferative changes in the epithelium 
of the terminal bronchioles giving rise, macroscopically, to a 
gray, noncollapsible lung with areas of lobular atelectasis. 
An agent with characteristics of Mycoplasma organisms was 
isolated in cultures of bovine testicular cells, and this organ­
ism, later cultivated in an acellular nutrient medium, pro­
duced disease in young Iambs that resembled cases of field 
pneumonia uncomplicated by secondary bacterial infections. 
Despite these findings, there had been some concern regarding 
the etiological significance of the mycoplasmal isolates be­
cause difficulties were encountered when attempts were made 
to isolate Mycoplasma on artificial media from field and from 
experimentally-produced cases. 
Proof of pathogenicity for various Mycop,lasma organ­
isms has been one of the more difficult tasks, even with such 
a rapidly spreading lung disease in a contagious bovine pleuro-
• •• • 
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Fig. 3. Inhibition of mycoplasmal growth (Y-98) by bronchial wash­
ing from chronically infected lamb (upper). Compare with control 
(lower). X 25 (approximate magnification). 
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pneumonia. Also, early difficulties in culturing protean agents 
from contagious bovine pleuropneumonia, enzootic pneumonia 
of swine, an<!- cold agglutinin-positive primary atypical pneu­
monia in man, initially led investigators to regard these dis­
eases as having a viral etiology.5 • 10 • 12 • 14 It was only when spe­
cific methods had been developed for study of Mycoplasma 
grown on artificial media that the true cause of these diseases 
became evident. Similar problems were encountered in efforts 
to discover the cause of proliferative pneumonia in Queens­
land lambs. The principal difficulty did not appear to be pro­
duction of respiratory disease in lambs, for this was accom­
plished by aerosol and contact exposures ; 18 • 20 •21 however, it 
often was found difficult to achieve primary isolation of a 
Mycoplasma organism from tissue specimens that had been 
collected at a time when causal organisms should have been 
present. 
Data reported in this paper augment previous studies 
and provide further support for a mycoplasmal etiology for 
chronic interstitial pneumonia in Queensland lambs. Recog­
nizing initial difficulties encountered by workers attempting 
to solve the etiology of enzootic pneumonia of swine,12 •23 sev­
eral types of media that proved successful for cultivating 
porcine11 and bovine mycoplasmas2 were tested for ability to 
support growth of the agent isolated from pneumonic lamb 
lungs. Growth-inhibiting material for mycoplasmas isolated 
from lamb lungs in cell culture was found in two lots of com­
mercial agar used for preparing media. Although inhibitory 
activity could be removed by addition of DEAE-dextran to 
solid media, use of purified agar provided a simpler remedy 
for obtaining luxuriant growth of pure cultures of Myco­
plasma from certain stored lung, cell culture fluid, and liquid 
media samples. The standard media finally selected for routine 
use ( BHS-L and BHS-A ) was very similar to that recently 
described by Goodwin and Pryor11 for achieving primary iso­
lation of Mycoplasma hyopneumoniae from pneumonic pigs. 
Swine serum provided the best conveniently available serum 
supplement. When this serum supplement was employed, sev­
eral other Mycoplasma media formulations also were found 
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satisfactory, provided that purified agar was used. Unlike 
pneumonic lungs of swine, the lamb lungs studied rarely had 
mixed Mycoplasma types. Isolation results were most success­
ful when the indirect method of culture was used, especially 
when dilutions of lung suspensions were inoculated. 
Three distinct colony forms of Mycoplasma were isolated 
commonly from swab specimens obtained from a flock with 
chronic pneumonia. These proved to be biochemically and sero­
logically distinct. One type (biotype 10 C ) was identified as 
Mycoplasma arginVrvi sp. Nov. , 1 ..and was found principally in 
the pharynx of both healthy and pneumonic flocks, although 
it also was isolated frequently from the nasal passages. The 
two additional biotypes (Y-98 and 2-D ) have not yet been 
classified. The 2-D type was isolated only from the vagina and 
prepuce of occasional sheep. Th€ Y -98 biotype was found to 
occur with highest frequency in the nasal cavities, trachea, and 
bronchi of pneumonic lambs, although it was isolated on two 
occasions from nasal swabs of healthy adult sheep. Similar 
types have been recovered from lungs of pneumonic sheep in 
Victoria (Australia) , and from nasal swabs of apparently 
healthy sheep.6• 18 Its cultural, morphological, and biochemical 
characteristics are remarkably similar to those described for 
the "source A" Mycoplasma isolates from lungs of sheep in 
Scotland with pulmonary adenomatosis . 15 A primary etiologi­
cal role for Mycoplasma in pulmonary adenomatosis was not 
implied ; however, it was suggested that organisms of this 
group may have contributed to some of the pathological 
changes observed in that disease. In certain of its character­
istics, such as colony morphology and metabolic activity, the 
Y-98 biotype resembles a newly described bovine type, Myco­
plasma dispar sp. NovY However, it differs in certain growth 
requirements, amounts of acid reported produced on glucose 
media, and in the colonial variation noted with M. dispwr on 
various solid media.  The Y-98 biotype has not been observed 
to form colonies with centers, even when grown under differ­
ing atmospheric conditions on a variety of media. 
The problem of our previous failures to isolate Myco­
plasm.a from respiratory tracts of lambs with pneumonia ap-
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pears to have been mostly resolved, for high recovery rates 
of the Y-98 type Mycoplasma could be obtained by culture of 
tracheal or bronchial swab samples, but not from ground fresh 
or stored lung samples. This phenomenon is attributed to a 
growth-inhibiting substance ( s )  in lung tissue of affected 
lambs. By inoculating diluted lung suspensions, or swab 
samples, the inhibiting activity was effectively diluted out. 
Swab samples were, in effect, akin to bronchial epithelium 
scrapings because most affected lambs had very little visible 
mucous in their bronchi . The successful and frequent isolation 
of pure cultures of only the Y -98 biotype from the lower res­
piratory tract of sheep with chronic proliferative interstitial 
pneumonia on an artificial medium that sustained luxuriant 
growth of other ovine Mycovlasma types, together with fail­
ures to isolate this organism from lungs of healthy sheep, sup­
ports the previous suggestion18 of a mycoplasmal etiology for 
this disease. 
Considering the repeated failures to isolate viral or 
chlamydia! agents from lungs of affected Queensland lambs, 
and the consistent recovery of a single Mycovlasma species, 
the Y-98 biotype, it seems appropriate at this time to suggest 
a suitable name for this organism. Its cultural, biochemical, 
and serological characteristics were clearly different from 
other mycoplasmos isolated from the flocks .studied ; further­
more, Al-Aubaidil has found it to be antigenically unrelated to 
at least 12 additional ovine and caprine Mycovlasma serotypes 
by MI, growth-inhibition, and immunodiffusion tests. We, 
therefore, propose the name Mycovlasm.a ovipneumoniae sp. 
Nov. for this agent. 
Although the nature of the local immune mechanism has 
not yet been investigated, it probably will be found that the 
inhibitor in bronchial mucous is antibody. The inhibitory ma­
terial found in bronchial washings, and to a much lesser extent 
in serums from pneumonic lambs, had metabolic-and growth­
inhibiting activity and it caused agglutination of the Y-98 bio­
type. Tests of bronchial washings for CF antibody were nega­
tive. 
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In studies of local immune mechanisms in respiratory 
tracts of hamsters and humans infected with Mycoplasma 
pneumoniae, high levels of serum antibodies were common. 
Examination of nasal washings revealed very little or no 
antibody activity ;8 • 9  however, bronchial washings from ham­
sters contained small amounts of immunoglobulin.3 • 9 The rela­
tively high mycoplasmal inhibitory activity of bronchial wash­
ings, and very low or undetectable levels of serum antibody in 
lambs with interstitial pneumonia deserves further study. 
SUMMARY 
This paper reports studies on the isolation and character­
ization of a newly-recognized Mycoplasma species associated 
with chronic proliferative interstitial pneumonia of sheep. 
The presence of only this agent !n the trachea and bronchi 
of virtually all chronically affected lambs studied supports 
previous suggestions that it is the cause of this disease. The 
name Mycoplasma ovipneumoniae is proposed for this organ­
ism, because it has been found to be distinct from other pres­
ently ·characterized sheep and goat Mycoplasma species. 
Principal differentiating characteristics of M. ovipneu­
moniae include colony morphology, its ability to ferment glu­
cose with acid production, marked hemolytic activity for ovine 
erythrocytes, serological uniqueness by metabolic and growth 
inhibition tests, and pathogenicity for young lambs. 
For optimal isolation of M. ovipneumoniae from lungs of 
affected sheep, it was found essential to obtain swab samples 
from the lower respiratory tract. An inhibitor of mycoplasmal 
growth was found in bronchial washings. The nature of the 
inhibitor has not been identified ; however it is believed to be 
antibody. The presence of this inhibitor may account for the 
greater frequency of isolations of Mycop·lasma from diluted, 
but not from undiluted suspensions of lung tissue . Comple­
ment-fixation tests failed to detect significant amounts of 
antibody in serums or in bronchial washings from pneumonic 
sheep, however, low levels of metabolic-inhibiting activity 
were found in some serums from sheep in a flock with high in­
cidence of pneumonia. 
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The pneumonias of sheep have attracted more attention in the 
last decade than for most of the rest of the history of the sheep industry . 
There is no doubt that an individual flock can be severely affected by 
an outbreak of pneumonia, but there is little data published on the 
overall economic effects of the disease. This is unusual in-so-far as 
pneumonias are very important in other countries with smaller sheep 
industries .  The fatal pneumonias of the "maedi" and "jaagsiekte" types 
attributed to viruses have never been reported in Australia and no 
direct evidence of their occurrence has been found. Hore ( 1 970) and 
Hungerford ( 1 970) provide a brief but readily available description of 
these pneumonias. For more extensive reviews of the situation in other 
countries consult Shirlaw ( 1 959) <�_?d Stevenson ( 1 969) .  
Stevenson has published the most recent review on a world-wide 
basis and gives an extensive bibliography. Many aspects of the world 
picture do not apply to the situation in Australia so we have adopted 
a different approach in our classification. 
This review is restricted to the pneumonias found in Australia. 
H I STORY 
(Bennet, 1 836; Meston, 1 850; Bruce, 1 868; Coghlan, 1 9 1 8; Sjiigren, 1 9,!3) 
An epizootic of a respiratory disease of sheep, "Epidemic Catarrh 
or InHuenza of Sheep", was one of the early calamities to affect the 
sheep industry of the colonies in Australia and was reported on by 
Bennet, the Surgeon General of the colony of New South Wales-the 
only mainland colony. It was an important enough epizootic for the 
regulations to control it  to be preserved in the stock legislation of the 
State of Victora until recent times, though the disease had disappeared 
by 1 850 .  Catarrh was first reported in June 1 834 in what is now centra l 
New South Wales, then later spread to Victoria and displayed a high 
morbidity and a high mortality. He recorded losses of 5,000 (average 
30% mortality in the flocks he investigated) affecting all ages with 
fever, dullness, nasal discharge and conjunctivitis. The appearance of 
the disease often followed bad weather. The airways were full of  viscid 
or frothy mucus and the lung tissue was of firm consistency. In some 
lungs there was a purplish coloration. It is interesting that Bennet 
found the right lungs showed lesions more frequently than the left. 
He considered that some of the remedies used on the sheep must have 
killed as many as the disease. Initially, this condition behaved as a new 
disease entering a highly susceptible population then perhaps later 
reached an equilibrium. The population of sheep in N ew South Wales 
was then only about 1 ,500,000. I t  is possible that the catarrh was the 
result of the spread of a virus or a mycoplasma with pasteurellae as 
a secondary infection. The husbandry practices of the times probably 
accelerated the spread of the disease . Sheep were shepherded and con­
fined in a yard or even a shed at night.  This practice came from the 
United Kingdom and was a precaution against straying where there 
were no fences, predators, and Aborigines. Before shearing, sheep were 
washed, often in a running stream though this practice persisted after 
Catarrh had disappeared. One point of note is that the ancestral stock 
of the eastern states Merino must have been selected in the face of 
this disease . 
.5 
S U RVEYS 
(Seddon, 1 950) 
The only surveys carried out on sheep pneumonia have been 
regionaL The abattoir surveys for pneumonia have been generally 
carried out in relation to lungworm. It  is not cle�r in a � 9�8 survey 
whether or not lungworms were actually latmd m assonatwn with 
lesions. In a I 947-48 survey at a Melbourne abattoir the broncho­
pneumonia observed was only presumed to be caused by lungworms. 
If these surveys are taken as an indication of the incidence of  pneumonic 
lesions, with cause unspecified, the incidence in I 928 was 20% in lambs 
rising to 50% in sheep 3 years of  age or older. In the 1 94 7 _L18 survey 
the incidence in lambs was 1 7% and in other sheep, l I % · 
PARAS I T I C  P N E U M O N IA$ 
(Cole ,  1 96 1 ; Soulsby,  1 965;  Robinson, 1 966; Seddon, J 9(i7)  
L u n gworm s 
Three species of lungworm have been identified in Australia ,  
Dictyocaulus filaria, Muellerius capil laris and Protostrongy lus rufescens. 
Di ctyoca u l u s  fi l a ria 
Life cycle : The adults of this worm are 3- 1 0  em long and whitish 
in colour. Females lay embryonated eggs in the bronchi or the trachea. 
The eggs are coughed up by the sheep and swallowed. The eggs hatch 
in their passage through the gut and first stage larvae are expelled 
unto the pasture. Survival and development of  the larvae are favoured 
by cool, wet conditions. No intermediate host is necessary and infesta­
tion with third stage larvae occurs by mouth. The larvae penetrate 
the intestinal wall, reach the lymphatics and the mesenteric nodes, 
where they moult and pass to the lungs by the lymph vessels or blood 
stream. Here they lodge in the capillaries and break into the air pas­
sages. The prepatent period is not less than 26 days. 
Incidence: D .  filaria occurs in the areas with high winter rainfall 
more especially in south-east Australia, though it has been reported 
from all States except the Northern Territory. 
Clinica l effects: Small numbers of the worm are apparently harm­
less, but occlusion of bronchioles results in areas of atelectasis usuallv 
in the diaphragmatic lobes. A cough may occur. Large numbers of 
adults can block the bronchi and the sheep may die from anoxia. A 
sheep with a massive infection can collapse, particularly when it is 
driven, and die in 2 or ;) minutes. 
Post mortem findings: Mature worms are easily seen in the bronchi .  
Usually there are dark consolidated areas in  the dorsal posterior 
portions of the diaphragmatic lobes (Figure I ) .  
Trea tmen t :  
Diethylcarbamazine (Burroughs-Wellcome and Co. )-20 mgjkg 
intramuscularly on three successive days or alternatively a 
single dose of 50 mgjkg intramuscularly. 
Levamisole (ICIANZ), Ripercol (Wm. Cooper & Nephews)­
! Omgjkg orally. 
Thibenzole (J\1Ierck, Sharp and Dohme) -88 mgjkg orally . 
6 
Muel l e ri u s  ca p i l lar is  
Life cycle :  The eggs are laid in the lungs and firs t stage larvae 
are passed in the faeces. The larvae penetrate s lugs and snails in which 
they reach the infective stage. The time taken for this part of the 
cycle varies from a week to 3 or 4 months depending on atmospheric 
temperature and the larvae can persist in snails for at least 2 years . 
The infective third stage larvae are ingested with the slug or snail 
on pasture and move to the lungs in :ct similar method to that of 
D .  filaria. The adult worms occur in the alveoli ,  small bronchioles, 
subpleural connective tissue and the pulmonary parenchyma. 
Post mortem findings : Small greyish subpleural nodules occur 
throughout the lungs but are more numerous in the diaphragmatic 
lobes (Figure 2). The nodules contain eggs, larvae and adult  worms 
(Figure 3 ) .  These stages can all oe seen if the node is dissected out 
under low power magnification. Calcification of the nodes is common. 
C linica l effects This parasite generally does not produce clinical 
signs. 
Treatment :  Emetine hydrochoricle at a close rate of 8-9 mgjkg as 
a I %  solution in 3 equal doses. 
Protostro ngyl u s  rufescen s  
(Gardiner et al ., 1 960; Seddon. 1 967) 
The male worm is 1 6-28 mm in length and the female 25-35 mm, 
both being filariform and reddish in colour. 
Life cycle :  This is similar to tha t  of M. capillaris and a snail is  
required as an intermediate host .  
Post mortem findings:  The lesions resemble  those of Muellerius 
capillaris. 
This worm is rarely reported in Australia though it occurs m 
Tasmania, South Australia, Victoria and Western Australi a. It is of  
no known clinical consequence. 
S ECONDARY L U N G  PARASI T ES 
The lungs with their large blood supply and abundant capillary 
network are particularly liable to visitation by migratory parasites 
en rou te to their final habitat. In areas where the clog tapeworm 
Echinococcus granu losus is endemic, pulmonary hydatid cysts are com­
mon findings on post mortem abattoir inspection. Lung lesions are an 
occasional resul t from an infestation with l iver-fluke (Fasciola h epa tica). 
Ech i nococcus g ra n u losus  
The sheep is host  to the intermediate stage of  this tapeworm 
which resides in the liver and lungs as hydatid cysts .  Lung cysts are 
frequently multiple and appear as spherical vesicles containing clear 
f-luid (Figure 4). Jn viable cysts the parasitic membrane is readily 
detached from surrounding lung tissue enabling the hydatid to be 
shelled out .  Degeneration of the cyst is accompanied by wrinkling and 
collapse of the capsule and secondary infection may result in a caseo­
calcareous content. Hydatid cysts are characterised microscopically by 
a laminated parasitic membrane (Figure 5 ) .  
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Fascio la hepatica 
Young flukes (F. hepatica) occasionally enter the bloodstream and 
lodge in unusual sites such as the lungs. The initial wanderings of 
the flukes through the lungs result in tortuous haemorrhagic tracts 
2-3 mm in diameter. Later encapsulation by fibrous tissue occurs to 
result in an abscess with caseous greenish-yellow content. 
ENZOOTI C  P N E UM O N I A  
The pneumonias encompassed by this widely used term range 
from those of a chronic subclinical type to acute necrotising pneumonia. 
The term is aetiologically nonspecific reflecting the poor definition of 
the various respiratory diseases of  sheep and the multiplicity of  micro­
organisms isolated from pneumonic sheep lungs .  It recognizes tha t  
pneumonic syndromes may result from the combined ac t ion of  different  
infectious agents. Our bel ief  is that though the end resu l t  may involye 
a range of agents, the primary causes are few. 
Australian investigations into enzootic pneumonia of sheep have 
defined aetiologically and pathologica l ly distinct nonbacterial pneu­
monias. These entities are predominantly subclinical but are likely to 
have a primary role in the causation of widespread subacute or chronic 
pneumonia from which a range of bacteria may be isolated. Less com­
mon, but well demarcated from the preceding conditions, is an acute 
exudative pneumonia associated with septicaemic pasteurellosis. Our 
current concepts of the components of the enzootic pneumonia complex 
may be summarised thus:-
( 1 )  Primary non-bacterial pneumonias caused by­
( a) Mycoplasma ovipneumoniae 
(b)  Parainfluenza 3 virus 
(c) Chlamydia 
(2) Subacute or chronic pneumonia (multiple aetiology) 
(3) Acute exudative pneumonia (P. m u ltocida or P. haernoly tica). 
Pri m a ry Nonbacterial  Pneu m o n ia s  
( a )  Myco p l a s m a  ovi p n e u m o n iae 
(Seddon. 1 966; Cottew e t  al., 1 969; Cottew, 1 97 1 ;  S t . George e t  a l., 1 97 1 ; Carmichael 
et al. ,  1 972; Sullivan e t  a l., 1 973a, b ;  F urlong e t  a l., 1 973) 
This pneumonia is a chronic infection which develops slowly in 
the lamb. Infection with M. ovipneurnoniae (Carmichael e t  al . )  
probably occurs shortly after birth in lambs born in infected flocks 
with carrier ewes. In the early s tages, the lung damage is minor am! 
there are no clinical signs. The damage to the lungs increases pro­
gressively so that visible lesions can be seen post mortem when the 
lambs are killed. There may still be no clinical signs even when the 
lung damage is considerable. 
This pneumonia may gradually resolve in the first year of  life. 
However, the occurrence of  secondary bacterial infection can precipi­
tate clinical signs in a flock of lambs and the onset of  the subacute 
or chronic pneumonia described later. 
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Infection of the young lamb results in proliferative interstitial 
pneumonia which in the early stages may be apparent only on histo­
pathological examination. In the following weeks areas of collapse 
which may involve single lobules or groups of lobules can be seen 
macroscopically and the lung may have a generalised greyish colora­
tion. No clinical signs are evident and the lung lesions are detected 
only at slaughter. 
Experimental exposure of lambs to M. ovipneumoniae reproduces 
the gross lung lesions (Figure 6). Microscopically there are proliferative 
changes in the epithelium of the small bronchioles and interstitial 
septal thickening and desquamation of alveolar macrophages. Some 
peribronchial lymphoid hyperplasia is evident. N eutrophils are either 
absent or few in number (Figure
. 
7) .  
The distribution of this pneumonia is unknown but M. ovi­
pneumoniae has been isolated from lambs from Tasmania, Victoria, 
New South Wales and Queensland. Strains from Victoria and Queens­
land have been compared and found to be identical. There is no 
prophylaxis or treatment of this pneumonia at present. 
(b) Pa rainfluenza 3 virus pneu monia 
(St .  George & French, 1 966; St .  George, 1 969a, b; St .  George, 1 9 7 1 b, c; St .  George, 
"' 1 972;  St . George et  al., 1 972) 
Parainfluenza 3 virus is the only virus which has been isolated so 
far in Australia from the lungs of sheep with pneumonia. Para­
influenza 3 infection as an experimental infection runs a short mild 
clinical course and antibody appears in 7- 1 0  days. There is no reason 
to think that it  runs a chronic course in nature though there are 
probably carriers, with the virus in the upper respiratory tract for it 
to persist in the flock. The few isolations of this virus which have 
been made from lungs have been from sheep recently dead or dying 
with pneumonia. In each instance mycoplasmas and pasteurella species 
were also isolated from the same lungs. Each of the flocks from which 
the isolations originated had either a history of existing chronic 
pneumonia or of  a stress and crowding situation such as yarding, 
dipping, or drenching. In a pneumonia following chilling of recently 
shorn sheep or of lambs following exposure it would be worth con­
sidering the possibility of parainfluenza 3 infection. 
Infection is widespread, with at least 87% of Australian flocks 
having antibody to this virus indicating that infection is usually sub­
clinical. The percentage incidence of antibody to parainfluenza 3 virus 
increases with age up to 3 years indicating that not all sheep are 
infected as lambs.  
The experimental infection of lambs with parainfluenza 3 virus 
produced macrpscopic pneumonic lesions. Histologically, there was an 
acute bronchiolitis and interstitial proliferative activity. The presence 
of eosinophilic intra-nuclear inclusions is diagnostic. I t  is possible to 
produce pneumonia in lambs with a cattle strain of parainfluenza 3 
virus but it is not known whether inter-species infection occurs in 
nature. 
Studies of the transmission of maternal antibody have shown that 
lambs are probably protected against parainfluenza 3 infection for an 
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aver�ge_ of 1 to
 2i m<?nths _after birth so that, on a �ock basis, pneu­moma m baby lambs IS unlikely to be caused by paramfluenza 3 virus. 
Once active antibody is acquired, its level remains remarkably stable 
for years, so that recurrences are highly unlikely. The incidence of 
antibody is high in all breeds .  
Treatmen t :  A pure infection with parainfluenza 3 virus i s  unlikely 
to be observed clinically so that treatment is directed at the secondary 
bacteria .  A broad spectrum antibiotic could be tried if the value of 
the sheep warrants it .  Sometimes sodium sulphadimidine at a dose of 
2i ml j kg of  33!% solution is  spectacularly successfu l ;  presumably, 
this effect depends on what secondary bacteria are involved. I f  there 
is not some response after the first day of treatment it is not worth­
while persisting with sulphadimidine. 
(c) Chlamydia Pneumonia (acute) 
(St . George, 1 97 1a ;  S t .  George, 1 972 ;  Dungworth et  al., 1962a, b) 
To date chlamydia (synonyms, bedsonia, psittacosis-lymphogranu­
loma-venereum organism) have not been isolated from pneumonic 
sheep lungs in Australia .  Four strains of chlamydia have been isolated 
from the faeces of pneumonic and healthy sheep in Australia. No 
attempt has been made here to produce experimental pneumonia with 
these strains though this has been done overseas. However, outbreaks 
of clinical pneumonia with gross and microscopic lung lesions similar 
to those found overseas in pneumonia due to this organism, give 
presumptive evidence for the presence of chlamydia! pneumonia in 
this country. On post m ortem examination the lungs show grey-red 
consolidation of the apical and cardiac lobes (Figure 8) .  Histologically, 
there is an acute exudative reaction in the distal bronchioles and 
alveoli with marked hyperplasia of the bronchiolar epithelium (Figure 
9) .  During the resolution phase, a lveolar epithelialisation and alveolar 
macrophage activity and peri-bronchiolar lymphoid hyperplasia are 
prominent .  
S u b-acute or Chronic  Pneu monia (synonym "Sum m er Pneumonia '') 
(Anon . ,  1968, 1969, 1 970; Cottew, 1 97 1 ;  St. G eorge et  al, 1 97 1 ;  St .  George & Liefman, 
1 972;  St. George, 1 972 ;  Sullivan et  al., 1 973a) 
This disease becomes clinically apparent with the sudden onset of 
coughing, sneezing, nasal discharge and moist respiratory rales. Moist 
multiple coughs are typical. In some flocks diarrhoea is an additional 
sign. Morbidity in a flock is virtually 1 00%, but mortality directly 
attributable to the pneumonia is low. Lambs of various ages in the 
flock become sick at the same time. Characteristically the weaner flock 
i s  the only flock on the farm showing signs of ill-health, though the 
average age of onset varies from farm to farm. The obvious clinical 
signs of  pneumonia tend to subside after several weeks, but the per­
sistence of residual lung lesions means that periodic clinical exacerba­
tions may occur. The sequeliae are retardation of weight gain and 
exercise intolerance. These are of both economic and managerial 
significance. The disease is noticed most frequently during the summer 
months, hence the name it  has been given in Victoria and Tasmania. 
There is field and experimental evidence of hereditary influences in 
the susceptibility to the disease (Littlejohns, personal communication) .  
The relative incidence appears to be higher in sheep of British breeds 
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or their crosses, but all breeds appear to be susceptible. The disease 
has occurred in sheep in large flocks and in small groups of  stud ram 
lambs fully hand fed. 
Post mortem finding: On the gross examination of the lungs, 
areas of reddish-grey consolidation can be seen and the normal pink 
colour may be replaced by an overall greyish appearance (Figure 10 ) .  
The distribution and extent of  consolidated areas is variable, but 
lesions have a predilection for the ventral portions of  the lobes of  the 
right lung. The right apical lobe is consistently affected. Fibrous 
pleural adhesions and abscessation are common sequellae. 
Microscopically, a combination of proliferative and exudative re­
actions is evident (Figure l l  ). There is a generalised interstitial reaction 
with hyperplasia and proliferatio.n of septal cells, desquamation of 
alveolar macrophages and alveolar collapse. Proliferative changes are 
apparent in the epithelium of the small bronchioles. There is  peri­
vascular and peribronchial lymphoid hyperplasia. Hyperplasia of the 
smooth muscle of  the walls of the distal airways is prominent in long­
standing cases . 
Suppurative changes are superimposed on the proliferative reaction 
in some areas especially those which appear consolidated macro­
scopically. Neutrophils are numberous both as clumps in bronchioles 
and scattered throughout collapsed alveoli .  Exaggeration of the proli­
ferative reaction is indicated by an increased size of lymphoid aggregates, 
the epitheliasition of alveoli and marked hyperplasia of the epithelium 
of the distal airways. 
A e tiology : There is some evidence that Mycoplasma ovipneumonia e  
has a role as a primary causal agent in this condition in Australian 
sheep. However, specialised cultural techniques are necessary for con­
sistent isolation of this organism and more work is required before 
its role is unequivocally established. If it is the primary cause, then 
the reason for a change from a low grade chronic pneumonia to an 
obvious clinical disease in the course of a week or two has to be 
established and at this stage it is only possible to postulate a virus 
infection or a stress or both as a precipitating factor. Also the inter­
actions between secondary invaders, stress factors, and the primary agent 
in the production of clinical disease need elucidation. 
A second species of mycoplasma, M .  argin ini, can also be recovered 
from some lungs and the organism is presumably a secondary invader 
since it  is commonly found in the upper respiratory tract of  normal 
sheep as well as in other species of animal. Parainfluenza 3 virus has 
been isolated from the lungs of  lambs in two outbreaks, but evidence 
of its significance as a primary agent under field conditions is limited. 
Also, i t  has been shown by progressive sampling of an affected flock 
in Victoria and one in Queensland, that clinical pneumonia can appear 
at a time when parainfluenza 3 virus is not moving through the flock. 
Bacteria associated with chronic  or  s u b-acute pneumonia 
(Hindmarsh et al., 1 93 1 ;  Roberts, 1 957 ;  Anon ., 1 969; St .  George, 1 972;  Sullivan et al . . 
1 973a) 
Bacteria such as P. haem o ly t ica, P. m u ltocida and A ctinobacillus 
lign ieresii ,  Corynebacterium pyogenes, C. equi, Kle bsiella spp. , Escheri-
1 1  
Figure I. Parasitic pneumonia-Dictyocaulus 
filaria. There is atelectases of the posterior 
margins of both diaphragmatic lobes. 
Figure 3. Parasitic pneumonia-Muellerius 
capil!aris. Section of lung nodnle showing 
eggs and larvae. 
Figure 5 .  Secondary parasitiC pneumonia­
Fasciola hepatica. Lung abscess. 
Figure 2. Parasitic pneumonia-Muel!erius
capillaris. Numerous greenish-grel:" subpleural
lo'b!.'f.es are scattered over the diaphragmatic
Figure 4. Secondary parasitic pneumonia­
Echinococus granulosus. Hydatid cysts in lungs 
and liver. 
Figure 6. Experimental Mycoplasma ovi­
pneumontae infection-a proliferative inter­
stitial pneumonia. In the apical lobe 
progressive lobular atelectasis has resulted in 
extensive dark areas of atelectatic lung. 
Figure 7. Experimental Mycoplasma ovi­
pneumontae infection-section of lung shown 
in Figure 6. There is proliferation of the 
bronchiolar epithelium, yeti-bronchial lym­
phoid hyperplasia and proliferation of alveolar 
macrophages. 
Figure 8. Probable Chlamydia! pneyrnonia. 
There is dark-red consolidation of the right 
apical and left cardiac lobes. 
Fignre l O .  Chronic pneumonia associated with 
primary Mycoplasma ovipneumoniae infection 
complicated by secondary localisation of 
Pasteurella sp. There is reddish-grey con­
solidation of both apical and cardiac lobes. 
�� !rell�2· m�l:;ida�bri.p��e ��eu:J���i;;;: 
oedema and haemorrhage, 41streaming" of 
monocytes and Pasteurella organisms. 
Figure 9. Section of lung with macroscopic 
appearance of Chlamydia] pneumonia. An 
acute neutrophilic bronchiolitis is accompanied 
by hyperplasia of the bronchiolar epithelium. 
Figure I I . Chronic pneumonia. In this section 
of a consolidated lobe the inflammatory 
reaction consists of neutrophils (in bronchiole) �h: I:fv':[r��c�:us.There is epithelialisation of 
Figure 1 3 .  Acute fibrinous pneumonia­
Pasteurella multocida. Necrotic areas are 
walled off by bands of leucocytes. 
Figure 1 4 .  Aspiration pneumonia. Necrotizing 
bronchiolitis with bacterial colonies. 
 
chia co li, Fusiformis necrophorus, and Neisseria spp ., have been . re. covered by various workers from the lungs of sheep with pneumonia. 
These organisms may be regarded as secondary invaders, but they are 
important in increasing the severity of the clinical and pathological 
signs of  pneumonia and may cause the death of the sheep. It is 
possible to find more than one species of  bacteria in a single lung 
and, certainly, different species can be isolated from various members 
of the same pneumonic flock. In a particular outbreak one species 
may predominate, e .g. Kle bsiella .  
Trea tment :  Because of the variety of micro-organisms that may 
occur in pneumonic lungs, use of a broad-spectrum antibiotic is 
recommended. In a therapeutic trial involving 1 00 flock rams with 
subacute pneumonia, Terramycin (Pfizer) injected intramuscularly at 
the rate of l mgjkgjday for 3 days gave a good clinical response. 
Intramycetin (Parke Davis) at 5 mgj kgj day has been successfu l  when 
used on stud sheep in NSW (I. R.  Littlejohns, personal communica­
tions) .  Recovery is assisted by reduction of stress to a minimum. The 
flock should be treated with anthelmintic if necessary. Affected sheep 
should be moved or handled as little as possible and kept on good 
feed with shelter available. 
Acute Exudative Pneu monia (Paste u re l l a  m u l tocida, P. haemolytica) 
(Belschner, 1 965;  Seddon,  1 965a ;  Hungerford, 1 970) 
The most devastating outbreaks of clinical pneumonia take the 
form of an acute exudative pneumonia. Undoubtedly the cause of death 
is a massive infection with P. m u ltocida or less commonly P. haemo­
ly tica, but whether these bacteria are primary causes is uncertain. 
This disease may be regarded as a manifestation of septicaemic 
pasteurellosis though there is overseas work to suggest that one serotype 
of P. h ae m o ly t ica is more associated with pneumonia than septicaemia 
in young lambs. It is difficult to reproduce the disease with cultures 
of the organism, but in field outbreaks there is frequently a history 
of some form of stress. 
C linical signs : This condition is of sudden onset, very short 
clinical course and high mortali ty. There is fever, dyspnoea and a 
serous nasal discharge. At autopsy, pulmonary congestion and oedema 
and haemorrhages on the serous surfaces of the thorax and rapid 
post m ortem decomposition are the outstanding findings. Where con­
solidation has occurred, affected lobes are swollen, firm and reddish 
in colour. There is a fibrinous pleurisy with a variable amount of 
fluid in the thorax. Microscopic examination confirms a severe con­
gestion of alveolar capillaries with intra-alveolar oedema and hae­
morrhage. The cellular reaction is chiefly mononuclear. Clumps of 
these cells plug alveoli and apparent elongation of nuclei often results 
in these leucocytic aggregations having a characteristic "streaming" 
appearance (Figure 1 2) . Areas of necrosis of pulmonary parenchyma 
are demarcated by a zone of leucocytes (Figure 1 3 ) .  Large numbers of 
pasteurellae are present in lung sections and these organisms can be 
cultured from lungs and frequently from other organs. 
Trea tmen t :  As this disease moves rapidly through a flock i t  is 
unlikely that individual sheep will be seen early enough to be treated 
effectively. If the size of the flock and the value of the sheep is such 
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that it is economic to do so, treatment of the whole flock with sodium 
sulphadimidine or a broad spectrum antibiotic may check the outbreak. 
A vaccine prepared from P. multocida was available, but anaphylaxis 
was a danger associated with its use. 
SPORADIC BACTERIAL PNEUMON IAS 
Corynebacteri u m  ovis Infection 
(Seddon, 1 952) 
The lesions of caseous lymphadenitis commonly occur in the super­
ficial lymph nodes, but extension of the infection may result in 
abscesses in the lungs and thoracic lymph nodes. The abscesses can be 
very large and the contents liquid or caseous. The cut surface of  the 
caseous lesion has a characteristic lamellated appearance. A greenish 
colour of the pus in a lung abscess suggests, but does not confirm, that 
C .  avis is the causal organism. Treatment or vaccination is not successful . 
Pseudomonas pseudomal le i  I nfection 
(Cottew, 1950; Cottew et al . ,  1 952; Seddon, 1 953 ;  Laws & Hall ,  1 963;  Laws & Hall, 
1 964) 
Melioidosis is most common in the north of Australia and sheep 
in the northern part of the sheep areas of Queensland are the ones 
at risk. Sheep to sheep transmission of the organism has been demon­
strated to occur but infection is believed to be normally from a con­
taminated environment with rats or native animals as the normal host . 
The most obvious lesions have been abscesses or small caseous nodules 
in the lungs, spleen, liver and lymph nodes, suppurative rhinitis with 
ulceration of the nasal mucosa, suppurative polyarthritis and meningo­
encephalitis. 
Pseudomonas pseudomallei i s  a zoonosis and the possibility of 
inadvertent human exposure on post mortem examination of sheep 
should be kept in mind as the lung lesions may resemble those caused 
by Corynebacterium avis. 
ATYPICAL INTERSTITIAL PNEUMONIA 
(Pascoe et  a / ., 1 969) 
Episodes of this condition were described in several flocks in south­
east Queensland. The disease occurred during summer in sheep grazing 
stubble of wheat, barley and canary grass (Pha la ris canariensis) . 
Morbidity ranged from 5-25 %  and all clinically affected sheep died if 
untreated. The outbreaks lasted about one week and peak mortality 
occurred on the fourth day. 
C linica l signs: The clinical signs in early cases were dyspnoea and 
froth around the muzzle. More advanced cases were in sternal recum­
bency. Post m ortem findings were pulmonary congestion, oedema and 
emphysema together with excess whitish frothy Huid in the trachea 
and bronchi. Microscopic examination indicated that the emphysema 
was secondary to partial blockage of the airways by oedema fluid and 
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mucus. There were also alveolar oedema and hyaline membrane forma­
tion. Epithelialisation of peri-bronchial alveoli was present in sheep 
dying in the later stages of  the outbreak. 
Treatmen t :  The treatment of early cases by oral dosage with 28 ml 
of a mixture containing ephidrene hydrochloride gave good results. 
The mixture consisted of :  
Ephedrine hydrochloride 





ASPIRATION PNEUMON IA 
1 2 ml 
25 ml 
(Gallagher, 1 962; Gallagher, 1 964; Beh,  1 969; H ungerford, 1 970; R. M. Inglis, personal 
communication, St .  George & Sullivan, unpublished data) 
The synonyms for this condition have been "drenching pneumonia" 
or "dipping pneumonia". The production of the characteristic necrosis 
of lung tissue results from the irritant effect of the aspirated material 
and the bacteria carried with it. Aspiration of dipping fluids is thus 
potentially particularly dangerous. 
"Drenching Pneumonia'' 
The effects of carbon tetrachloride on the lung have been illus­
trated by Gallagher. Sheep may suffer damage to the lungs by inhala­
tion of carbon tetrachloride vapour in air, from liquid spilt in the 
mouth, or by the inhalation of liquid carbon tetrachloride delivered 
into the trachea from a drenching gun. The administration of a dose 
of 1 0  or 20 ml of carbon tetrachloride (40% strength) into the trachea 
caused immediate severe dyspnoea, and death within 30 minutes or 
1 9  hours in experimental sheep. All except one sheep out of 1 2  sur­
vived a dose of 5 ml and all survived a dose of 2 ml. The pathological 
changes produced by carbon tetrachloride depended on whether the 
vapour or the liquid was inhaled. Inhalation of vapour caused lesions 
throughout the lung consisting of atelectasis, pulmonary oedema and 
severe congestion. The sheep which died rapidly after the administra­
tion of liquid show only severe pulmonary oedema, congestion and 
frothy mucus in the airways. '1'hose which survived longer had large 
amounts of blood-stained fluid in the pleural and pericardia! cavities 
and the ventral portions of the lungs contain necrotic haemorrhagic 
and collapsed areas. The dorsal portions of the lungs were congested 
and oedematous. 
Studies of the results of the intratracheal administration of anthel­
mintics commonly used at present indicate that normal sheep are 
surprisingly resistant to such procedures. Direct intratracheal injection 
of pairs of sheep with standard doses of thiabendazole (Thibenzole, 
Merck, Sharp & Dohme Aust. P j L) ,  tetramisole (Nilverm, ICIANZ), 
caused immediate respiratory distress, but the sheep quickly recovered. 
No gross lung lesions were evident when the sheep were killed for 
autopsy 3 or 6 days after inoculation and only minor changes were 
evident microscopically. The administration of oxyclozanide (Zanil, 
ICIANZ) did not result  in any significant clinical abnormalities, but 
autopsy revealed several dark consolidated areas scattered through the 
right lobes of the lung. No work has been done to determine whether 
it is  the active ingredient or a component of the formulation that causes 
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the damage. Marked alveolar epithelialisation was an outstanding feature 
of these pneumonic areas. 
Collapse in the drenching race is typical of misdirected organo­
phosphate drenches and Neguvon (Bayer) caused death within several 
minutes of  the intratracheal injection of what would be a therapeutic 
close when given normally. The lungs were oedematous and focal areas 
of necrosis of alveolar septa were apparent macroscopically. 
Post mortem exam ina tion :  Evidence of the aspirated material may 
be found in the airways. The pneumonia is usually in the antero­
ventral parts of the lungs .  Early congestion and oedema of affected 
lung is followed by suppuration and necrosis with the foci becoming 
soft or liquefied, reddish-brown and fou l-smelling. The most striking 
microscopic feature is a necrotisihg bronchitis and bronchioli tis (Figure 
1 4) .  Extension of the reaction to the pulmonary parenchyma results 
in areas of bacterial invasion, suppuration and necrosis . I f  pathological 
findings are not typical of pneumonia due to aspiration, alternative 
causes should be considered. It may be that the stress and crowding 
associated with the dipping or drenching operation precipitated an 
outbreak of  acute infectious pneumonia or exacerbated a pre-existing 
chronic pneumonia. 
Trea tmen t :  Advanced aspiration pneumonia is unresponsive to 
therapy. With valu'able animals the administration of  a broad spectrum 
antibiotic or sulphonamide soon after the aspiration occurs may be 
warranted. 
" Di p p i n g  P n e u m o n i a "  
Many of  the remarks made on drenching pneumonia apply to 
"dipping pneumonia".  In a typical "clipping pneumonia" deaths begin 
'1 to 7 days after the sheep have been dipped . From personal experience 
and the few written reports little effort is made to establish the 
presence of  clipping fluid in the lung; the diagnosis is by association. 
Parainfluenza type 3 virus, mycoplasmas and pasteurella species were 
isolated from the lungs of a sheep from one such flock and the histology 
was typical of such an infection. Thus the clipping might be regarded 
as a precipitating event converting a subclinical pneumonia into a 
clinical pneumonia rather than the inhalation of liquid.  Closer investi­
gation is  needed to clarify this, but treatment for "clipping pneumonia" 
is as for aspiration pneumonia i f  aspiration is established, otherwise 
treat "clipping pneumonia" as an infectious pneumonia occurring 
coincidentally after eli  pping. 
PLANT POISON INGS 
(King, 1 937a ,  b ;  Mulhearn, 1 939; Hurst, 1 942; Mulhearn, 1 958 ;  Hall, 1964) 
Two plant species, Verbesina enwlioides and Wedelia asperrima 
(Yellow Daisy) , have been associated with mortalities in sheep where 
lung changes have been ou ts tanding features on post mortem examina­
tion. Detailed reports of  the lesions are lacking in publications, but 
pulmonary congestion, oedema and hydrothorax appear to be the main 
findings . There would usually be signs of  intestinal irritation to assist 
to differentiate the condition from an infectious pneumonia. 
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M I SCELLAN EOUS CON D I T I O N S  ASSOCIATED W I T H  P N E UMONIA 
Grass Seeds 
(Dodd, 1 9 1 9) 
At times grass seeds can penetrate through the muscles of the 
thorax into the thoracic cavity. If they carry bacteria with them a 
purulent pleurisy can develop. 
T u be rcu los is  
(Seddon , l 965b;  Barton & Acland 1 973)  
Tuberculosis is a rare disease i n  sheep and only two cases have 
been recorded among the millions of sheep which have been subjected 
to meat inspection in Australia .  In the case recorded by Seddon there 
were caseo-calcareous lesions in the lungs, mediastinal and bronchial 
lymph nodes and grape-like lesions on the pleura. The type o f  tuber­
cule bacillus involved was not determined. Recently Barton & Aclancl 
confirmed llllycobacterium avium serotype 2 infection in a sheep but no 
lung lesions were recorded. Caseo-calcareous foci were present in 
mesenteric lymph node and in the submucosa of  the small intestine. 
Weaner  I l l -Thrift 
(Mulhearn, 1 958) 
Weaner i l l-thrift was defined by Mulhearn as a failure of  weaner 
sheep to thrive at a time when all other classes of sheep appear to 
be in satisfactory health and bodily condition. He and others have 
shown that improvement in the quality of feed available to the weaner 
will correct much of the problem. In many such lambs there are no 
gross lesions attributable to disease . However, in some lambs with i ll­
thrift we have seen gross lesions of pneumonia, but it is uncertain 
whether pneumonia contributes significantly to the general problem 
of "ill-thrift" . 
" H u m pyback'' of Sheep 
Annual Reports of Queensland Department of Agricul ture ( 1 952-7 1 )  
For a t  least 30 years a condition called "humpyback" has been 
reported. I t  occurs sporadically in the sheep areas of  Queensland from 
Longreach to .Julia Creek to areas near the New South Wales border. 
It occurs in adult sheep, in wool, when they are driven. The affected 
individuals fall behind the mob and even go down if  they continue 
to be driven. Mortality is low if  the sheep are rested. The condition 
gets its name from the "humped back" posture that the sheep adopt. 
Suggestions have been made that it was due to ingestion of a 
plant or that selenium deficiency might be involved. 
The recent investigations by officers of Queensland Department of 
Primary Industries have shown that many of  the sheep with "humpy­
back" have evidence of pneumonia. I t  has not been established that 
pneumonia is the cause or even a cause of, or contributing factor to 
"humpyback" .  Many flocks with severe pneumonia show no evidence 
of "humpyback" and in Victoria where pneumonia is common this 
condition has never been described. It is likely that some other cause 
will be established. 
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CURRENT PROBLEMS A N D  FUTURE PROS P E CTS 
A basic pattern in the pneumonia of sheep in Australia is begin­
ning to emerge. \Vith the chronic form ini tiated by JI;I . ovipneumoniae 
we can learn by studying analagous pneumonias in other species. There 
is no objective data on how this pneumonia affects growth rate in its 
subclinical and clinical forms . This is particularly important for the 
fat lamb industry to know. 
The abattoir surveys on sheep pneumonia have been done on a 
regional basis and without aetiological classification. Thus some indi­
cation of the overall incidence of  the disease is lacking and there is 
no evidence of the relative importance of the various causes. 
I t  is certain that more viraL aetiological agents will be isolated, 
but each agent as i t  emerges, must be fitted into the context of the 
existing pattern which is tending to unify. The reasons why pneumonia 
can be subclinical in many flocks, and clinical in others, must be 
elucidated. This will be difficult, as mixed infection appears to be the 
rule in these instances which have come under the inappropriate 
heading of  "enzootic pneumonia" .  
The application of prophylactic measures such as vaccination to 
sheep pneumonia needs further investigation. Data on the economic 
impact of the disease may indicate that the establishment of  specific­
disease free breeding stocks should be considered. 
In the pig and poultry industries the effects of lifting the largely 
unappreciated burden of pneumonia were spectacular following the 
development of specific disease-free breeding stocks. Such an approach 
may seem unreal in present clay terms, but i t  also seemed unreal 20 
years ago in those industries .  In the meantime, the possibilities of 
prophylactic measures such as vaccination need exploration. 
What seems certain is that caesarean-derived, colostrum-deprived 
lambs are essential for experimental work so that one infectious agent 
may be manipulated at one time. To maintain such animals, good 
isolation accommodation is a prerequisite. 
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I SOLAT ION  O F  A BOVI NE STRA I N  O F  MYXO V I R U S  PARA- I NFLUENZA 
T Y P E  3 I N  AUSTRAl!� 
BY 
T .0 . ST .GEORGE and E .L . FRENCH 
Mr . St .George undertook this 1<ork at my suggest ion . I had a supervisory 
rol e  and di scussed with him the general di rection  of the work as it 
progressed . The paper was written joi ntly by us • 
. . . . .  ��4��· · · · ·  Date : 1 ./a / 
Add i t ional Comments :  
CORRESPONDENCE 
ISOLATION OF A BOVINE STRAIN OF MYXOVIRUS PARA-INFLUENZA TYPE 3 IN AUSTRALIA 
The Editor, 
Australian Veterinary Journal, 
Dear Sir, 
The bovine myxovirus SF4 was isolated from nasal 
washings of cattle with respiratory disease by workers 
in the USA (Reisinger et al 1959). It has been shown 
to be closely related antigenically (Albinanti and Heub- 
ner 1959) to the Myxovirus puru-influenza Type 3 
(PI3) of humans (Andrewes et a1 1959). A similar 
virus has been isolated from cattle in the United King- 
dom (Dawson and Cruickshank 1963). We wish to 
report the finding in Australian cattle, and some other 
animals, of neutralising antibody for the human strain 
of PI3 virus and also the isolation from the lungs of a 
cow of a strain of a virus serologically closely related 
to PI3. 
A human strain of PI3 was kindly made available by 
Dr. A. Ferris and Mr. F. Lewis of the Epidemiological 
Research Unit of the Fairfield Hospital, Melbourne. It 
was adapted from growth in monkey kidney cells to 
growth in the BHK21 line of baby hamster cells 
(MacPherson and Stoker 1962). The 23rd passage of 
the virus in BHK cells was used in a serum neutralisa- 
tion test, which was essentially similar to the one de- 
scribed by French and St. George (1965) for New- 
castle disease virus in BHK cells. 
A limited serological survey has been carried out on 
serum samples from cattle and other animal species 
using the neutralisation test in BHK cells and the 
adapted virus. The results of these tests showed that 
16/17 Queensland, 19/19 New South Wales, 143/221 
Victoria, 19/28 Tasmania, 7/ 15 South Australia, 14/14 
Western Australia, 8/9 Northern Territory, 3 1/34 Nor- 
folk Island and 20/20 New Guinea cattle sera had 
neutralising antibody. In all, 377 sera from 23 herds 
were examined and 277 (7470) had detectable antibody. 
The majority (91/108) of those sera titrated against 
100 TCID, of the virus, had titres between 100 and 
1000; the highest titre (5000) was obtained with one 
sample from Norfolk Island. 
Sera from other species were examined for neutralis- 
ing antibody with the following results:- Banteng cattle 
(Bos sondnicus) from Darwin, 11/21 with antibody; 
feral buffalo (Bubalus bubalis) from Northern Terri- 
tory, 4/7 with antibody; feral donkeys (Equus usinus) 
from Oodnadatta, South Australia, 0/9 with antibody; 
sheep from Victoria 13/23 (in one flock) with antibody. 
When monolayer cultures of BHK21 cells were 
heavily infected with the adapted PI3 virus, the cell 
sheet showed B marked cytopathic effect (CPE) in 6 
days. The medium removed from such cultures was 
found to have an infective titre of 10' TCIDm per ml 
and to agglutinate guinea pig, but not fowl erythrocytes 
when set up in haemagglutination tests at room tempera- 
ture. 
Haemagglutinin inhibition (HI) tests were carried out 
on a group of 119 cattle sera, of which 11  had neutral- 
ising antibody titres of between 1 and 10, and 66 had 
titres greater than 10. The HI tests were carried out 
over the range of serum dilutions from 1/ 10 to 1 / 1280, 
and it was found that 66 of the sera had HI titres of 
10 or greater. Fifty-eight samples had titres of 10 or 
greater by both HI and neutralisation tests. The results 
of 8 samples did not correlate, but both tests have 
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proved satisfactory for detecting antibody on a herd 
basis. 
The results reported here indicate that infection with 
Myxoiirus parcr-itrpuenzu Type 3 is probably widespread 
in Australian cattle. This was not unexpected, and for 
several years we have been attempting to isolate an 
agent of this type from material obtained from field 
cases of respiratory infection in cattle. The lack of suc- 
cess experienced in these attempts was probably related 
to our inadvertent use of serum containing antibody to 
the PI3 virus in the growth and maintenance medium 
of the tissue cultures. A means of testing for such 
antibody has now enabled us to avoid using sera con- 
taining specific antibody and to grow tissue cultures of 
bovine kidney (BK) cells which arc fully susceptible to 
the PI3 virus. By using such cultures a virus, which we 
have designated PZL, has been recently isolatcd from 
a specimen of lung tissue collected post nznrtrni by 
Mr. G. W. Manefield, BVSc of Mount Gambier, South 
Australia, from a two-year old heifer with pneumonia. 
This animal was one of 6 heifers with fever and respira- 
tory signs in a herd o f  approximately 70 cows. 
PZL virus grows to a titre of 10” TCID,, per ml in 
BK monolayer tissue cultures and produces a cytopathic 
effect in 2-3 days. Preparations of infected BK cells 
stained with haeniotoxylin and eosin show intracyto- 
plnsniic acidophilic inclusions. Growth of this virus can 
be detected in BK cell$ before CPE is present by 
using the haemadsorption phenomenon (Vogel and 
Shelokov 1957) with guinca pig erythrocytes. The virus 
agg1utin:ited guinea pig and fowl erythrocytes. Pre- 
treatment of the erythrocytes with Vihrio clrolcrcir neura- 
minidase (receptor destroying enzyme, RDE) (French 
and Ada 1954) prevented agglutination or haemodsorp- 
tion of guinca pig or fowl erythrocytes by PZL virus. 
Treatment with 5‘70 chloroform for 10 minutes or 
20%) freshly distillcd ethyl ether overnight at 4°C re- 
sulted in the complete destruction of the infectivity of 
the virus for BK cells. 
PZL virus 





Standard antisera against Myxovirus para-influenza 
types I ,  2 and 3 (PII, PI2, PI3) prepared in horses 
(US National Institutes of Health) were kindly made 
available by Dr. A. Ferris of the Fairfield Hospital, 
Melbourne, which is the Australian WHO reference 
centre for the para-influenza viruses. The sera were 
treated with V. cholerae RDE to destroy non-specific 
inhibitors of haernagglutination before being used. The 
PI3 antiserum inhibited the haemagglutination of guinea 
pig erythrocytes by PZL and the human PI3 viruses to 
titres of 640 and 2560 respectively. The PI1 and PI2 
antisera did not inhibit the H A  of PZL or PI3 viruses. 
When used in neutralisation tests with PZL and PI3 
viru.es, only the PI3 antiserum neutralised these viruses 
to an appreciable level. The results of neutralisation 
tests in BK cells using standard antisera and serum from 
a rabbit hyperimmunized with PZL virus are shown in 
Table I .  Both viruses are neutralised to a higher titre 
by the homologous antiserum. In limited neutralisation 
tests with sera from field cattle, the PZL virus was 
neutralised to a higher titre than the human P I 3  virus. 
Ketler et a1 ( 1 9 6 1 )  obtained a similar result with the 
SF4 strain of PI3 virus and experimentally produced 
rabbit sera. From these results the isolated virus (PZL) 
appears to be similar to the SF4 strain of Myxovirus 
porri-irzflrrenzu virus described by Abinanti and Heubner 
(1959). 
A full dexription of the properties of the newly iso- 
lated virus and of a more extensive serological survey, 
with PZL virus, will be published in due course. 
T. D. ST. GEORGE, B.V.Sc. 
E. L. FRENCH, MSc.,  Ph.D. 
Division of Animal Health. 
C.S.I.R.OT, 
Animal Health Research Laboratory, 
Parkville. N.2. Victoria. 
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A BOVINE STRAIN OF MYXOVIRUS PARAINFLUENZA TYPE 3 
Experimental Transmission and a Survey of Antibodies in Cattle in 
T. D. ST.GEORGE*, B.V.Sc. 
Division of Animal Health, Animal Health Research Laboratory, CSIRO, 
Parkville, Victoria 3052 
Australia and New Guinea 
IIltroduction 
The isolation of a strain of Myxovirus parain- 
fluenza type 3 (PI3) from the lungs of a cow 
was reported by St. George and French (1966). 
These authors also reported that 74% of 377 
bovine serums contained antibody that neutralised 
a human strain of PI3. This paper records ob- 
servations on the experimental transmission of the 
bovine strain of PI3 virus (PZL) to cattle and 
sheep and the results of a more extensive survey 
of bovine serum for the presence of antibody to 
the bovine strain of PI3. 
Materials and Methods 
Tissue Cultures. Monolayer tissue cultures (TC) 
of bovine kidney (BK) cells were grown in Hanks' 
balanced salt solution (BSS) containing 0.5% lactalbu- 
min hydrolysate, 0.1% yeast extract, 10% ox serum 
and 100 units each of penicillin and streptomycin 
sulphate per ml. The serum was reduced to 3% in 
the maintenance medium. The ox serum used in 
growth and maintenance media was free of PI3 serum 
neutralising (SN) antibody. 
Virus. The strain of virus used for transmission ex- 
periments was the second TC passage of the PZL 
rtrain of PI3 virus isolated from the lungs of a COW 
(St. George and French 1966). The third TC passage 
was used in neutralisation tests. 
Serology. Serum neutralisation tests were done in 
monolaver cultures of BK cells usine aauroximatelv 100 - - -  
tissue Eulture infective doses at a 50% end 'point 
(TCIDro) of virus. 
Each serum sample collected from the experimentally 
infected cattle and sheep was titrated in 3-fold dilu- 
tion steps. The test was read by observing cytopathic 
changes (CPE) after 7 days' incubation at 37°C. 
Guinea-pig red blood cells (RBC) were added to any 
lubes showing doubtful CPE to detect the growth of 
virus by haemadsorption. 
For the antibody survey, serum samples previously 
collected for surveys for antibodies against infectious 
bovine rhinotracheitis virus (IBR) and mucosal disease 
( M D )  virus (St. George et a1 1967) were tested in 
the serum neutralisation test. These samples were col- 
lected from cattle in all States, Northern Territory, 
Papua-New Guinea and Norfolk Island over a period 
from December 1964 to May 1968. Additional serum 
samples were collected from farms or abattoirs by 
~~ 
*Pre%ent address CSIKO Long- Pocket Laboratories 
(Animal Health). Private Bag No 3, Indooroopilly 4068. 
Qut er i4nnd 
officers of the State Departments of Agriculture and 
CSIRO. 
Preliminary testing revealed that titres to this strain 
of virus ranged from 5 to approximately 1000. Four 
serum samples were tested from each herd. Where more 
than four samples were held, the first four, in order 
of storage, were tested at a dilution of 1/5. Two TC 
were used per serum sample. The first serum which 
contained antibody in 50 different herds was titrated 
in 3-fold steps (1110, 1/30, 1/90 and 1/270) in a 
single SN test with 6 TC per dilution to obtain the 
range of expected antibody titres. Serum samples from 
some feral animals were also tested, namely 8 from 
Banteng cattle (Bos sondiacus) bled when freshly 
captured on the isolated Coburg Peninsula of the 
Northern Territory (NT), and 7 from feral buffalo 
(Bubalis bubalis) from NT. Serum samples that were 
collected in Tasmania from 23 Bennetts wallabies 
( Wnllahia rufogriseu) and pademelons (Thylogale bil- 
liardieri) and 10 fallow deer (Dama dama) were also 
tested. 
All strains of virus isolated were identified by 
haemagglutination inhibition (HI)  tests using the 
method of Lennette and Schmidt (1964) using guinea- 
pig RBC. 
Immune Scruin. Specific PI3 antibody was produced 
in a rabbit by two injections, 14 days apart, of PZL 
virus. Serum was collected before the first injection and 
on day 19. The serum collected prior to immunisation 
had no PI3 neutralising antibody, but it did inhibit 
PI3 haemagglutination at a dilution of 1/40 in HI 
tests. Pre- and post-immunisation serums were used for 
virus identifications by the HI test. 
Expcrimenfal Transmissioti to Catile. Four steers were 
used for this experiment; W75 aged 12 months, W98 
aged 9 months and Y19 and Y20 aged 8 months. Each 
was free of PI3 SN antibody when it was moved into 
the isolation units and at the time of inoculation, 3 
weeks later. 
The four steers were held in insect-proof isolation 
buildings, and all persons who entered wore protective 
rubber clothing and surgical masks to minimise the 
chances of introducing a human strain of PI3. The 
cattle were observed daily, and rectal temperatures were 
taken twice daily. 
W75 and W 98 were each inoculated with 25 ml of 
PI3 virus (virus titre 2 x 10l2 TCIDp) by intratracheal 
intubation using the method described by Campbell 
(1938). After inoculation the animals were held to- 
gether in isolation for 2 days when they were washed 
down and placed in separate units with an animal not 
intubated; W75 with Y20 and W98 with Y19. 
Nasal mucus and fluid from the conjunctival surface 
of the eyes were collected on sterile cotton wool swabs 
on four occasions prior to inoculation, daily for 16 






































































































































































































































































































































































































































































































days after inoculation, then as indicated in Figure I 
until slaughter. Each swab was placed in 5 ml of 
Hanks’ solution, which contained 5,000 units of peni- 
cillin. 1000 units streptomycin and 1000 units of myco- 
datin” per ml. The fluid was titrated in tenfold steps 
within 4 hours of collection and each dilution was 
inoculated into 4 TC of BK cells per dilution. TC 
were examined for C P E  after 8 days’ incubation and 
for haemadsorption of guinea-pig RBC after the super- 
natant fluid was replaced with an equal amount of 
fresh maintenance medium. If the TC from which the 
iupernatant fluid had been removed was positive for 
haemadsorption, the virus in the supernatant fluid was 
identified. The supernatant fluid from negative cultures 
was passed to a further 4 TC of BK, which were 
examined similarly after incubation. Serum samples 
were collected from the steers on days 0, 2, 5 ,  7, 9, 
14, 16. 23, 28, 30, 37 and 44 and inactivated by 
heating at S6”C for 30 min and stored at -20°C until 
tested. 
At the post-nzorteru examination of each steer bron- 
chial mucus. lung, liver, spleen, kidney, brain, media- 
stinal and mesenteric lymph nodes were collected using 
sterile instruments, and portions of each were ground 
with sterile alundum in BSS and were then inoculated 
into TC of BK. Other portions of the tissues were 
fixed in huffered formal saline for histological examina- 
tion. 
~ x p . r r i i i ~ e i z ~ a l  Transniission to Sheep.  TWQ sheep 
(T17 and T18) free of antibody to PI3 were each 
inoculated, by the tracheal route, with 2 ml of TC 
supernatant fluid containing 2 x lo7 TCID, of virus. 
This inoculum was washed down with 2 ml of normal 
saline. Rectal temperatures were taken daily. Nasal 
swabs were collected daily until day 10. Serum samples 
were collected on days 0, 7, 14 and 21 after inoculation 
and were inactivated by heating a t  56°C for 30 min 
and stored at  -20°C until tested. One sheep (T17) was 
killed on day 7, and the other (T18) on day 21. The 
bronchial mucus, lungs, liver, spleen, kidney, media- 
stinal and mesenteric lymph nodes were cultured for 
viruses. mycoplasmas and bacteria. 
Results 
Transmission of PI3 Virus to Cattle 
The two steers (W75 and W98) infected by 
intratracheal intubation showed higher tempera- 
tures than normal on day 1, but the first clinical 
change occurred on day 2. The temperatures 
rose further, respiratory rates were increased and 
both animals were subdued. Little or no food 
was eaten. On day 3 the clinical condition dete- 
riorated and both animals were very subdued. 
Dry rriles were detected in both lungs of W75 
on day 3,  and in both lungs of W98 on day 5. 
On day 4 a clear mucus discharge was noticed 
from the nostrils of both, and W75 had developed 
moist rilles and gave an occasional single cough. 
During the next 3 days the nasal discharge in both 
steers became more profuse and purulent. The 
respiration became shallow and rapid in both 
animals. W75 had a maximum respiration rate of 
90 per minute on day 7. They lost weight from 
*K’yrtalin. X. R. Squibb & Sons. New York. 
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the time they stopped eating, and their coats be- 
came rough and appeared uncared for. Both 
animals began to improve one week after ino- 
culation and had regained their appetite by day 
8. W75 was killed the following day, but al- 
though W98 had a normal temperature, was 
eating, and was more alert, its bodily condition 
did not improve before it was killed on day 16. 
Its respiration remained very noisy, and it fre- 
quently emitted a moist cough. 
PI3 virus was detected in the nasal swabs of 
W75 from the day after inoculation until it was 
killed on day 9 and from W98 on days 4 to 8. No 
virus was detected in ocular swabs from either of 
these steers. 
No marked clinical or temperature response 
was detected in either of the steers (Y19, Y20) 
which were in contact with the infected cattle. 
Occasional single coughs were heard between 
days 10 and 17 after exposure. Excretion of 
virus occurred from Y19 6 days after and from 
Y20 5 days after first contact with the artificially- 
infected animals. Virus was detected in the nasal 
swabs from Y19 and Y20 for a period of 9 days. 
The ocular swabs of Y19 yielded virus on the 
8th day after being placed in contact and those 
of Y20 on the 6-9th days after first contact with 
infection. 
A comparison is made in Figure 1 of the re- 
sponses to infection of one pair of steers, W75 
and the corresponding in-contact, Y20. The 
temperature, antibody responses and comparative 
titres of virus in nasal swabs are illustrated. An 
essentially similar pattern was found in the other 
pair of animals. 
Post-mortem Examination-The changes obser- 
ved were confined to the thoracic cavity. W75 
and W98 showed areas of consolidation too 
numerous to count scattered throughout the 
lungs and varying in size from 2 or 3 rnm to 4 
cm in diameter. PI3 virus was recovered from 
the bronchial mucus of W75, but not from lung 
tissue or any other organ, and not at all from the 
tissues of W98. No mycoplasmas or significant 
bacteria were isolated from the lungs of either 
animal. 
Histopathological examination of the lungs 
showed areas of consolidation and interstitial 
pneumonia; there were no abnormalities in other 
organs. The only abnormalities seen in the in- 
contact animals Y19 and Y20, were areas of con- 
solidation no more than a few mm in diameter in 
the diaphragmatic lobes. No viruses, mycoplas- 































































3 1  
8 
15 












Transmission of P13 Virus to Sheep 
The rectal temperature was elevated between 
days 2 and 7. A diminution of appetite, a slight 
mucous discharge from the nostrils and increase 
in respiratory rate were observed during this 
period. Virus was isolated from nasal 
mucus collected between days 3 and 5 from 
T17 and between days 3 and 7 from T18. 
SN and HI antibodies were detected on day 7 in 
both sheep and had risen in T18 on day 21. At 
post-mortem examination on days 7 and 21 each 
sheep showed areas of consolidation in the lungs 
from 2-3 mm to 1 cm in diameter resembling 
those seen in the cattle experimentally inoculated, 
but no other abnormalities were detected. No 
viruses, mycoplasmas or bacteria were isolated 
from the lungs. 
Serological Survey 
The results of the serological survey of cattle 
serums are summarised according to the States or 
Territories in Table 1. When those serum 
samples collected from cattle on the mainland 
were separated into those from north and south 
of the Tropic of Capricorn, it was found that 
92% of 248 to the north and 9 1 % of 604 to the 
south were positive for antibody. All 4 serums 
from 204 herds were positive, 3 out of 4 were 
positive in 42 herds, 2 out of 4 were positive in 12 
herds, 1 out of 4 were positive in 6 herds and 0 
out of 4 in 11 herds. Further tests done on addi- 
tional serums from the herds in which single posi- 
tive samples were obtained revealed other posi- 
tives. Of the feral animals tested 7 out of 8 Ban- 
teng cattle were positive and 4 out of 7 buflalo. 
None of the samples from the deer, wallabies and 
pademelons contained antibody. 
The distribution of antibody titres of the 50 
positive serums which were titrated was as fol- 
lows: 2% were less than 10; 46% were between 
10 and 100; 34% were between 100 and 300; 
and 18% were greater than 300. 
Discussion 
The method used to artificially infect the cattle, 
namely intra-tracheal inoculation, was successful 
in producing severe clinical pneumonia. How- 
ever, the infecting dose of virus was possibly much 
higher than could be expected in nature. Each 
of the in-contact steers became infected with PI3 
virus, but clinical signs in these were very mild. 
Calves were not used in this initial experiment, 
because all the animals available, which were 
under 6 months of age at the time of planning 
the experiment, were found to have antibody, 
presumably derived from their dams, to PI3 virus. 
The fall in temperature and clinicaI improve- 
ment of the steers which were artificially infected, 
corresponded with the first appearance of neutral- 
king antibody, although the HI antibody rose 
more rapidly than the SN antibody. Signs of 
pneumonia did not disappear at the time anti- 
body appeared, which is understandable from the 
clinical signs that were evident before death and 
the lesions that were detected in the lungs after 
death. The results obtained indicate that isolation 
of virus from field outbreaks should be attempted 
from cattle that have an elevated temperature. 
The recovery of virus from the eye swabs of 
both contact steers suggests that this virus may be 
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implicated in the initiation of conjunctivitis or 
keratitis under suitable field conditions. 
The cattle strain of PI3 virus infected sheep, 
when it was experimentally inoculated, and pro- 
duced clinical signs of pneumonia and an anti- 
body response. Whether cattle that are excreting 
virus can infect sheep in nature remains to be 
determined. 
Antibody to PI3 virus has been found in the 
serums of cattle in various parts of the world as 
follows:-in 59% of 298 cattle from abattoirs and 
65% of 384 cattle from farms in Sweden (Dinter 
and Bakos 1961); in 69% of 218 cattle from 
abattoirs in Denmark (Borgen 1963); in 83.6% 
of 2000 cattle from abattoirs in UK (Dawson and 
Darbyshire 1964); in 48% of 970 cattle from 
New York farms (Kahrs et al 1964); in 86.2% of 
2843 cattle in Nebraska (Kramer et a1 1963); in 
68% of 1827 cattle from feedlots in Nebraska 
(Hoerlein et ul 1959); 89.3% of 174 cattle from 
farms in New Zealand (Fastier and Hansen 1966); 
and in 82.4% of 114 cattle from farms in Syria 
(Lange 1967). The lowest incidence reported in 
these surveys was 48% in a comprehensive sur- 
vey in New York State and the highest was 89.3% 
in the New Zealand survey. Most of these sur- 
veys were for HI antibody. As there was varia- 
tion between test systems, the results are not 
strictly comparable with each other, nor with 
the survey reported here. Our use of 1/5 as the 
lowest dilution tested was prompted by two 
factors, namely the small amount of some serum 
samples that remained after use in previous sur- 
veys, and the very few serums with titres of less 
than 5 that had been encountered in preliminary 
tests. The high herd incidence that was found 
justified the economy of testing only 4 serums per 
herd. 
The average incidence of 88.4% of cattle 
serums with antibody to PI3 virus in Australia and 
Papua-New Guinea is similar to the highest in- 
cidences reported elsewhere (89.3% in New Zea- 
land). The distribution of PI3 antibody within the 
States did not fall into any recognisable pattern. 
The lowest proportion of positives in the States 
and Territories was in Tasmania and Papua-New 
Guinea (Table 1). The similarity in the incidence 
of antibody in these two areas also occurred in 
the serological survey of MD antibody (St. 
George et al 1967). The majority of the serum 
samples in the PI3 survey were previously used 
in the MD survey so the same factors advanced 
to explain the results of that survey, namely a 
restriction of movement of cattle in these States 
between herds, imposed by topography or regula- 
tion, may apply. l n  the surveys of MD and IBR 
antibodies a marked difference (MD 37% And 
IBR 27%) was found between the incidence of 
antibody in cattle located to the north and that in 
cattle south of the Tropic of Capricorn, but the 
difference in this PI3 survey was only 1 %. 
That PI3 can persist in small cattle populations 
is illustrated by the high incidence of 28 out of 
32 positive samples from Norfolk Island, a small 
remote island, which has a total of approximately 
800 cattle of which a large proportion run as a 
common herd. This indicates that either a carrier 
state exists in some animals on the island, or 
that a recent introduction had occurred. There 
have been imports of bulls from New Zealand 
in recent years. Fraser (1967) has reviewed work 
on persistent defective infections by the parain- 
fluenza viruses in cell culture model systems. 
This work has shown that steady state infections 
can be induced, whereby parainfluenza virus is 
produced by cells most of which are not de- 
stroyed. These infections can persist even if 
immune serum is added to the growth medium of 
the cell culture system. Some such mechanism 
may occur in nature to produce carrier animals. 
W. A. Snowdon (unpublished) isolated a strain of 
PI3 virus from the nose of a cow which had had 
a SN titre of approximately 150 to the PZL strain 
of PI3 virus on three occasions in the preceding 
10 months. 
When antibody is absent in a herd sample as 
sinall as four this by itself cannot be taken as 
proof that the particular herd is free of antibody. 
It was noticed that of the 11 such negative herds 
in the survey 4 were on government experimental 
farms and 1 herd is on a farm under control for 
experimental purposes. By the nature of these 
farms the cattle would be segregated in groups 
more than they would be on ordinary farms, 
hence the spread of a respiratory virus like PI3 
would be handicapped. 
Although antibody in cattle to PI3 virus i y  
widespread in Australia, only one report by a 
veterinary practitioner in Mount Gambier, South 
Australia, of a clinical condition ascribed to this 
virus has appeared (St. George and French 1966). 
The little attention given to infection of cattle with 
this virus in Australia is in marked contrast to 
the great interest in the USA where the reported 
surveys show a smaller proportion of cattle with 
antibody. In the contributions to a symposium 
on immunity to the bovine respiratory disease 
complex, held in Athens, Georgia, in 1967 
(Symposium 1968) the role of PI3 was extensively 
discussed. In that country PI3 virus seems to 
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have been incriminated as a sufficiently important 
initiating cause in the shipping fever complex to 
warrant serious attempts to prevent infection by 
vaccination. 
In Australia cattle are transported by similar 
methods to those in the USA and are no less 
stressed in the marketing system, but shipping 
fever does not appear to be important in this 
country. The reasons for the different situation in 
USA and Australia may lie in the different pattern 
of marketing rather than the presence or absence 
of particular infectious agents or differences of 
stress. With the high herd incidence of antibody 
in Australia, the majority of the young calves 
marketed in Australia would have colostral anti- 
body, while the animals over one year of age, 
which form most of the remainder marketed, 
would have had an opportunity to encounter PI3 
virus infection, perhaps in a subclinical form, in 
their home environment. A large number of 
young heifers and steers go to markets in North 
America at a variable but short time after wean- 
ing. This is at an age when colostral antibody 
protection will have waned, but active immunity 
from infection with respiratory viruses may not 
have occurred. These animals go to a market 
or direct to a feedlot by railway or road transport, 
where there is ample opportunity to contact in- 
fection, at a time when they are crowded and 
subjected to shaking vibrations, deprivations, 
fear and fatigue (Jensen 1968). The feed which 
they receive at the stockyard or in the feedlot is 
certainly different from that in their accustomed 
diet, and this is another unsettling factor. If such 
a system of fattening young cattle in feedlots is 
adopted in Australia and cattle are subject to the 
same stresses as they presently are, but are 
marketed at an age when they are without anti- 
body protection, respiratory disease including that 
due to PI3 infection, could become economically 
important. 
Summary 
Severe clinical pneumonia was produced in two 
steers by the intratracheal inoculation of a cattle 
strain of Myxovirus parinfluenza type 3 (PI3). 
Two other steers, each placed in close confine- 
ment with one of these artificially infected animals, 
did not develop clinical signs or any elevation in 
temperature, but excreted PI3 virus from the nasal 
passages and eyes and developed antibody to that 
virus. 
The cattle strain of PI3 virus produced mild 
pneumonia in two sheep following intratracheal 
inoculation. 
A serological survey detected neutralising anti- 
body at a titre of 5 in 88.4% of 1100 samples 
(4 samples from each of 275 herds). The incid- 
ence of positive herds was 96%, and posi- 
tive herds were found in all Australian States, the 
Northern Territory, Norfolk Island and in Papua- 
New Guinea. 
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I!XFECTIONS WITH VIRUSES AND BACTERIA IN INTENSIVELY 
REARED CALVES IN NORTHERN QUEENSLAND 
T. D. ST. GEORGE, M.V.Sc.,* C .  R. HASS, B.V.Sc.,t and 
NICOLA HORSFALL, B.Sc.* 
Introduction 
The procedures used to rear calves in two 
intensive calf rearing units were described by Hass 
(1972). The size and turnover of the calf 
populations were such that infectious agents 
could be perpetuated if they were introduced. 
An investigation was undertaken to detect bac- 
terial and viral infections of apparently healthy 
calves maintained in these units and in their 
subsequent rearing to the age of six months. 
Materials and Methods 
Investigations were commenced in two separate inten- 
sive calf rearing units T and R on the Atherton Table- 
land in northern Queensland, whlch were descrlbed by 
Hass (1972). 
Sumpling Procedures: Two types of sampling procedure 
were used. On a single occasion, all calves aged 1 to 
13 weeks in units T (367 calves) and R (150 calves) 
were sampled once. In unit T a group of 20 calves 
was sampled at intervals over a period of six months. 
This group was sampled daily for 10 days after entering 
the unit and thereafter once weekly while in the unit; 
daily for 10 days after they were released into a pad- 
dock from the unit, and then once-weekly until they 
were transferred by a three-day rail journey to an 
extensively managed cattle station at Richmond, 
Queensland. 
Bacteriology: Sterile swabs were wiped across the nasal 
mucosa and then placed into Stuart’s transport medium. 
Swabs taken from the rectum were placed into buffered 
glycerol saline for transport. On arrival at the labora- 
tory 24-72 hours after collection, the nasal swabs were 
cultured on blood agar plates and MacConkey’s agar 
plates and the rectal swabs in tetrathionate broth. After 
overnight incubation at 37”C, the tetrathionate broth 
was subcultured to MacConkey’s agar and SS agar. 
Non-lactose-fermenting colonies were then picked off 
after 24 hours incubation and subjected to tests for sal- 
monella. Nasal swab plates were examined after 24 
hours incubation for presence of staphylococci and coli- 
forms. 
Virology: Sterile cotton wool swabs were moistened 
with Hanks’ balanced salt solution containing 1000 
units of penicillin and lOOOpg of streptomycin sulphate 
per ml, then wiped across the nasal or rectal mucosa. 
The swabs were placed in Hanks’ solution and immedi- 
ately chilled and forwarded on wet ice to the laboratory. 
On occasions they were forwarded in liquid nitrogen. 
Serology: Each serum sample was tested for neutralising 
antibodies to infectious bovine rhinotracheitis (IBR) 
virus by the method of Snowdon (1964), mucosal 
‘CSIRO. Long Pocket Laboratories, Diyision of Animal 
Health. Private Bag No. 3, Indooroopllly. Queensland. 
4068. 
?Department of Primary Industries, Mt. Isa, Queens- 
land. 4825. 
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disease (MD) virus by the method of French and 
Snowdon (1964), ephemeral fever (EF) virus by the 
method of Snowdon (1970), parainfluenza 3 (PI31 virus 
by the method of St. George ( 1969) and haemagglutina- 
tion inhibiting (HI) antibody to PI3 virus (Lennette 
and Schmidt 1964). All serum samples from a single 
animal were titrated on the same day. The strain of 
enterovirus (EV) used for the EV neutralisation test 
was chosen at random from those isolated from the 
faeces of calves in unit T. The test was carried out in 
bovine testis maintained in Medium 199* plus 4% 
foetal calf serum. One hundred tissue culture infective 
doses of virus were used. The serum-virus mixture was 
allowed to stand at room temperature for at least one 
hour before being inoculated into tissue cultures. The 
test was read after four to five days incubation in 
stationary racks. 
Results 
Clinical History: In the group of 20 calves under 
continuous study, two calves died at 2 weeks of 
age, because they did not adapt to artificial feed- 
ing. One calf disappeared from the farm at 18 
weeks and one was found dead at 19 weeks of 
age. The surviving calves would not eat for two 
days after being released from the intensive unit, 
and five had a mucous discharge from the nose 
on the second day after release. 
Bacteriology: 
Unit T-For the first day the calves were in 
the rearing shed, Staphlococcus albus and Neis- 
seriu spp were isolated from nasal swabs but were 
isolated only occasionally thereafter. Escherichiu 
coi established itself as the predominant form in 
the nose during the first week. This organism 
was also isolated from the feed boxes in pure 
culture. 
E. coli predominated in the faeces from days 
one to six after calves entered the rearing unit. 
Proteus spp became dominant until the calves 
were removed from the shed to a yard outside. 
Proteus spp were also isolated from the floors 
of the pens. Between the day following removal 
from the shed and the fifth day, between 20% 
and 80% of the calves were excreting E. coli, 
and by the seventh day E .  coli was the dominant 
organism to the exclusion of almost all other 
aerobic organisms. Proteus spp had disaDpeared. 
No salmonella were isolated from 770 rectal 
swabs collected during the time these calves were 
*Commonwealth Serum Laboratories, Parkville. Vic- 
toria. 
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on the farm, but two strains of Salmonella 
bredeney and one strain of Salmonella derby were 
isolated from 16 rectal swabs collected on arrival 
at Richmond, after the three-day train journey. 
Four strains of mycoplasma were isolated in 
tissue cultures showing a cytopathic effect after 
being inoculated with material from nasal swabs, 
but no special study was made of them. 
Unit R - No pathogenic bacteria were isolated 
from 150 nasal and rectal swabs. 
Virology: 
Unit T - Two different viruses were isolated 
from the 20 calves in unit T but none from the 
calves in unit R. Twenty-one strains of PI3 virus 
were isolated from nasal swabs from four calves 
over a period of 15 days immediately following 
their release from the rearing shed. The pattern 
of excretion of viruses is shown in Figure 1. 
Forty-one strains of enterovirus were isolated 
from faecal swabs from 16 calves over a period 
of six weeks from the 16th week of age at a time 
when the calves were grazing. The calves 
appeared to be healthy at this time. The entero- 
viruses produced cytopathic effect in bovine testis 
tissue cultures in 48-72 hours. They were com- 
pletely resistant to 5 %  chloroform for 10 minutes 
and were stabilised by MgClz when exposed for 
60 minutes to 50°C. Cytopathic effect in bovine 
kidney was variable and slow and haemagglutina- 
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Figure 1. The isolation of microorganisms from the noses and 
rectums of calves during their stay in an intensive rearing unit 
and for three months after. 
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tion or haemadsorption of chicken, sheep, ox, or 
guinea-pig erythrocytes could not be demon- 
strated. The tissue culture supernatant fluid did 
not agglutinate these same erythrocytes. All 
isolates of enterovirus were neutralised by an 
antiserum prepared against a single strain. 
Unit R - No viruses were isolated from 150 
nasal and rectal swabs. 
Serology: 
The percentages of calves with antibody to 
IBR, MD, EF, PI3 and EV viruses are shown in 
Table 1. 
On entry to the rearing unit T, the 20 calves 
(which were later sampled weekly) had maternal 
antibodies to the five viruses as follows:- 
IBR - 3; MD - 0; PI3 - 19; EF - 20; 
EV - 17. 
IBR antibody persisted in one calf for 10 
weeks, but its twin was negative throughout. 
Serum from the other two calves with antibody 
to IBR virus became negative in three weeks. 
No serological evidence of active IBR virus in- 
fection was found during the period of sampling. 
The absence of MD antibody in this group 
of calves can be explained by the low incidence 
of this infection on the Atherton Tableland, as 
the 20 calves came from 16 different farms. One 
calf developed MD antibody during the last week 
in the rearing unit (between weeks 9 and 10) 
and two calves between weeks 12 and 13 and 
weeks 23 and 26 respectively. There was no sign 
of clinical mucosal disease. 
One calf without maternal antibody to PI3 
developed antibody at seven weeks of age. Most 
of the calves with maternal antibody to PI3 
virus developed active antibodies during the period 
of observation, particularly at the approximate 
time when PI3 virus was isolated. However, five 
of the calves still had traces of maternal antibody 
at six months of age and had not become actively 
infected. The relation of time of isolation of 
virus from the nose of one calf to the presence of 
maternal and actively produced antibody to PI3 
virus is shown in Figure 2. 
Forty-one strains of enteroviruses were isolated 
from the faeces of 15 of 18 calves at approxi- 
mately four to five months of age. The three 
calves from which an enterovirus was not isolated 
had maternal antibodies present at this time. 
However, one of the 15 which were excreting 
enterovirus had maternal antibody at this time. 
Two of the calves excreting virus were without 
maternal antibody to enteroviruses from three 
days of age, but only one of these subsequently 
developed antibodies. In the remaining 12 calves, 
maternal antibody had disappeared by approxi- 
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TABLE 1 
The Percentages of Calves in Two Intensive Rearing Units T and R with Antibodies lo Cattle Viruses 
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mately three months of age, but only 7 produced 
antibody subsequent to virus isolation. 
One of the patterns of maternal antibody 
decline and the subsequent production of serum 
antibody to homologous virus in one calf is shown 
in Figure 3. 
Discussion 
The project described here was initiated be- 
cause of the occurrence of respiratory disease in 
batches of calves shortly after they were released 
from the rearing shed during the wet winter 
weather of 1969. Although the Atherton Table- 
land is in the tropical area of Australia, the 
altitude results in periods of cold, wet and windy 
weather during the winter. However, by the time 
the calves under study were released, the weather 
was warm and sunny. Infectious respiratory 
viruses were isolated, but no clinical disease was 
70 - HI antibody 
- - - Serum neutralising 1 
observed. The only abnormality connected with 
the respiratory system was a slight nasal dis- 
charge in five calves on the second day after they 
were released from the shed. Perhaps the higher 
atmospheric temperatures contributed to the 
absence of clinical respiratory disease. 
Most of the bacteria isolated in the present 
investigation from the intestinal and respiratory 
tracts are not normally pathogenic. On two 
occasions intestinal populations of E.  coli were 
not detected or were severely reduced, that is, 
on entry to the unit and for two to five days after 
release at 10 weeks of age. This could allow 
other more pathogenic bacteria, if they were 
present in the environment, to establish at a time 
when competition would be reduced. 
The only isolations of pathogenic bacteria were 
S. bredeney (twice) and S. derby (once), and 
these were made after the calves were fasted and 
exposed to infection in railway trucks and yards. 
It is unlikely that they were infected earlier, as the 
50, - EV antibody level 
@ "1 40 
1 
0 5 10 15 20 25 
I I I I I 
AGE IN WEEKS 
Figure 3. The serum neutralising antibody levels for enterovirus 
of calf 284 in relation to the isolation of enterovirus from its 
faeces. 
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calves had undergone two periods of starvation 
and stress, when they were introduced to the 
shed and after they were released, without any 
salmonellae being found in their faeces. In a 
review of salmonellosis in animals in England 
and Wales, Sojka and Field (1970) describe the 
increase in salmonellosis of calves which occurred 
with the large-scale development of intensive calf 
rearing units from 1964- 1965 onwards. Salmon- 
ella typhimurium and Salmonella dublin were 
commoner than all the other serotypes combined. 
The calves in the units in England and Wales 
came mainly from dealers, whereas the calves in 
the intensive rearing units on the Atherton Table- 
land came directly from farms, and this may 
explain the failure to find salmonellae in rectal 
swabs collected from unit T or R. 
The mycoplasmas isolated from the nasal 
passages of calves were not associated with 
clinical disease. Strains of mycoplasma and 
Mycoplasma dispar have been associated with 
pneumonia by Gourlay et a1 (1970), but the 
mycoplasmas isolated by us are not yet fully 
identified. 
Spradbrow (1964) isolated 10 strains of 
enterovirus in bovine kidney tissue cultures from 
281 samples of faeces, of which 96% were from 
normal calves and adult cows and bulls. There 
was no suggestion that these viruses caused any 
clinical abnormality, although one strain came 
from a bull with diarrhoea. A noteworthy feature 
of the excretion of the enteroviruses in the calves 
in unit T was the period over which the viruses 
were detectable in the faeces. This varied from 
one to six weeks for individual animals. In the 
example shown in Figure 3, serum antibody had 
reached a high level, but virus was still present 
in the faeces. No attempt was made to test for 
copro-antibody. The strains of virus appeared 
closely related by neutralisation tests. Complete 
cross-neutralisation tests of all strains may have 
revealed differences, but the variations did not 
form a pattern in strains randomly selected for 
cross-neutralisation tests. It is likely that only 
one serotype of enterovirus infected the calves 
while they were in the unit. 
Two of the viruses isolated in this study, 
namely parainfluenza 3 and enterovirus, were 
associated with pneumonia or diarrhoea in calves 
by Omar (1966) in his review of pneumonias 
of calves. The viruses we isolated came from 
aDparently normal animals, so infection with these 
viruses alone does not by itself produce disease. 
Possibly the strains were avirulent. There was 
serological evidence of mucosal disease virus 
infection, but none of clinical mucosal disease. 
There was no cultural or se-ological evidence of 
TBR virus infection, No isolations of adenovirus 
were made. Cole (1970) isolated one strain of 
adenovirus from the nasal mucosa of an appar- 
ently normal calf, but the rest of his 11 strains 
came from the lungs or nasal passages of calves 
with pneumonia. Most of the nasal swabs were 
passaged three times in bovine testis tissue cul- 
tures, and if any abnormalities were suspected 
in the cell sheet they were passaged six times. 
Our procedures do not exclude the presence of 
adenoviruses, because Cole had to passage two 
strains 9 to 10 times before cytopathic effect was 
observed. 
Most calves apparently received colostrum as 
judged by the proportions with antibody (Table 
1) .  A comparison of percentages of each anti- 
body in units T and R is complicated by the 
facts that the calves in unit R were no older than 
eight weeks at the time of sampling in comparison 
to unit T where they were up to 13 weeks old. 
This meant that more calves in unit T may have 
lost maternal antibody. 
It appears that active infection occurred in 
calves with PI3 virus, enteroviruses and mucosal 
disease virus, but not IBR virus nor ephemeral 
fever virus. Though this group of calves was 
generally healthy, potential pathogens did infect 
some members of the group. In the situation 
described vaccination against any of these agents 
would not be justified. Virus infections occurred 
when maternal antibody had declined to a low 
level in the group and occurred in a restricted 
period for each virus. 
Though very much less successful in terms of 
numbers and variety of viruses isolated, this study 
showed that multiple isolations of viruses could 
be made from a group of healthy calves in a 
similar manner to the study of Cook et a2 (1969) 
on young children without serious illness in a 
crkche. In their study maternal antibody would 
not have been a complicating feature and thus 
the children they used, toddlers and pre-school 
children, were probably better indicators of 
viruses circulating in a community. 
Summary 
A continuous study of 20 calves in an intensive 
rearing unit on the Atherton Tableland was made 
of micro-organisms in their nasal passages and 
rectums over a six-month period. No pathogenic 
bacteria were isolated. Four strains of myco- 
plasmas were isolated from the noses of three 
calves; 21 strains of parainfluenza 3 virus from 
the noses of four calves over a 15-day period 
after the calves were released from the intensive 
10 Arrstralian Veterinary Journal, Vol. 48, January, 1972 
rearing unit at 10 weeks of age; and 41 strains 
of enterovirus from faeces of 15 calves over a 
period of six weeks commencing at the 16th week 
of age. No clinical disease was observed. Sero- 
logical evidence was obtained of the infection of 
three calves with mucosal disease virus. No 
infection with infectious bovine rhinotracheitis 
virus or ephemeral fever virus occurred. 
No pathogenic bacteria were isolated from 770 
faecal swabs collected in the first six months of 
life while the calves were on the farm, but two 
strains of Salmonella bredeney and one of Salmon- 
ella derby were isolated from three calves after a 
three-day train journey immediately following the 
rearing period. 
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BOOK REVIEW 
ATLAS OF TOPOGRAPHICAL ANATOMY OF THE DOMESTIC ANIMALS 
Anyone who has studied both human anatomy and 
anatomy of domestic animals will be aware of the great 
disadvantages the student of veterinary anatomy suffers 
because of the lack of suitable atlases. This void has 
been filled, at least partly, by the publication of a book* 
which has not been available in English until very 
recently. This is a first class book, which will be of 
tremendous interest and value to all veterinarians. The 
atlas has been translated into several languages from 
the original Czechoslovakian text, and it is to our great 
benefit that Professor R. Getty has provided us with 
an English translation. 
The three volumes are combined and bound as a 
single book. Volume I contains head and neck; volume 
11, thorax and abdomen; and volume 111, pelvis and 
limbs. The anatomy of eight species of domestic 
mammals is illustrated in the plates-ox, sheep, goat, 
pig, horse, dog, cat, and rabbit. Unfortunately the ox 
is described as the “bovine”, but objections to the 
incorrect use of the word as a noun have been raised 
before, and this sin is not great enough to  detract from 
the value of the book. The nomenclature follows that 
recommended in the Nornina Anafonzica Veterinaria 
which is an advantage that will become greater as the 
nomenclature is changed to NAV in more standard 
veterinary anatomy textbooks. 
*Atlas of topographical anatomy Of the  domestic ani- 
mals. Peter  Popesko. English translation by R. Getty. 
Philadelphia. Saunders. 3 volumes in 1 (215p, 200p, and 
2 0 7 ~ ) .  $49.50 Aust. 
It is truly an atlas in that there is no text. The 
quality of the plates is excellent, and they are well 
arranged, beginning at the surface of the body in each 
region and showing the different layers as one proceeds 
in dissection from the skin to  the deepest structures. 
There are many diagrams of cross sections of regions, 
which are helpful to the student of gross anatomy in 
building up a three dimensional picture of the spatial 
arrangement of organs. The study of several plates 
together enables one to  develop a good three-dimen- 
sional appreciation of structure and topography. For 
example, there are diagrams of all the major arteries of 
the head in relation to the skull, drawn from corrosion 
specimens. These, together with diagrams in which the 
arteries are presented in relation to muscles and nerves, 
and with diagrams of cross sections, quickly provide a 
mental picture of the topography of the arteries of the 
head. 
This is by far the best atlas available to students of 
veterinary anatomy, and it is a must in all departments 
of veterinary anatomy and veterinary science libraries. 
It is difficult to  make it a required book for students 
because of the cost, but it should be recommended 
strongly to the student as a very valuable reference, 
which will be used for the rest of his professional Iife. 
Surgeons will use it widely. It would be more csefuI 
to clinicians if there were more illustrations of surface 
anatomy, which is poorly represented, but it will be 
most helpful, partcularly to large animal clinicians. 
M. M. Bryden. 
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MYCOPLASMA DISPAR 
T. D. ST. GEORGE,* M.V.Sc., NICOLA HORSFALL,* B.Sc., 
N. D. SULLIVAN,? M.V.Sc., 
Introduction 
An investigation into the nature and aetiology 
of pneumonic lesions commonly found in the 
lungs of apparently normal calves purchased at 
one week of age and reared at this laboratory, 
forms the basis of this report. These calves 
showed no overt signs of pneumonia and would 
have been considered as healthy calves under 
farm conditions, 
Materials and Methods 
Experimental Animals 
Every 14 days, groups of calves approximately 1 
week old were bought through a market serving an 
area about 30 miles from Brisbane, and reared for later 
use in various experiments at this laboratory. Each 
batch of calves, varying in number from 4 to 24, was 
reared in groups in close proximity to the preceding 
batches so forming a continuous population. These 
calves were killed to provide an age series ranging 
from 1 to 16 weeks, plus a group 20 weeks of age. The 
area from which these calves were drawn is free of 
lungworm. 
Caesarean-derived calves were obtained from dairy 
COWS in the last weeks of pregnancy. Colostrum- 
deprived calves were obtained from commercial dairy 
farms by immediately removing the calves after they 
were born. 
Transmission Studies 
A three-week-old calf (140) was selected as donor 
because the lungs showed proliferative interstitial pneu- 
monia on microscopic examination (Figures 1 and 2). 
M .  dispar was isolated from a tracheal organ culture 
of this calf. Both lung tissue supernate and mycoplasma 
culture were used for intra-tracheal inoculation in calves 
aged one to two days, which had been either derived 
by caesarean section or deprived of colostrum (Table 
2). Lung supernate and mycoplasma culture were each 
inoculated into two groups of two calves (calves 1, 2 
and 3, 4 respectively). The cultures had titres of 10' 
and 10s organisms/ml and represented the 23rd passage 
in non-living media. Another calf ( 5 )  was inoculated 
with a suspension of mycoplasma free from culture 
medium. This was prepared by centrifugation and re- 
suspension in saline to give a titre of at least loa 
organisms per ml. Two calves (6, 7) which were inocu- 
lated intra-tracheally with culture medium, served as 
controls. The calves were autopsied three to  eight days 
after inoculation. 
The following examinations for virus were made in 
the experimental calves. Nasal swabs, ground lung, cells 
from bronchial washings, and fluid harvested from each 
of the tracheal ring organ cultures after 14 days incuba- 
*Division of Animal Health, CSIRO, Long Pocket Laboratories, 
Private Bag No 3, Indooroopilly, Queensland, 4068. 
+Veterinary Clinical Centre, University of Melbourne, Werribee, 
Victoria, 3030. 
tion, were inoculated into bovine testis, bovine kidney 
and bovine thymus tissue culture monolayers and were 
subcultured at least once. All tissue cultures were tested 
for haemadsorption (Vogel et a1 1957) with guinea pig 
erythrocytes before being discarded. Lung macrophage 
cultures were also established from cells obtained in 
bronchial washings. 
Serology 
Serums from blood samples collected at autopsy were 
tested for neutralising antibody to mucosal disease virus, 
parainfluenza 3 virus, infectious bovine rhinotracheitis 
virus and ephemeral fever virus as described by St. 
George et a1 ( 1972). Each serum sample was examined 
for complement fixing antibody to Mycoplasma 
mycoides var. mycoides (Teakle 1966). 
Autopsy Procedure 
Calves were stunned with a captive bolt pistol and 
exsanguinated by severing the brachial artery. The 
trachea was clamped and the right lung exposed by 
removing the ribs. The dorsal edge of the right lung 
was lifted with sterile instruments and the left bronchus 
clamped off. The five rings of trachea above the 
bifurcation were removed into Hanks' salt solution for 
organ culture. A piece of lung was then removed for 
microbiology with sterile instruments. The technique 
of Carmichael er al (1972) was used to obtain bron- 
chial washings from the clamped off left lung after the 
lungs were removed from the thoracic cavity. 
Pathology and Histopathology 
Lung lesions were recorded on prepared outlines. 
One piece from the anterior margins of each of the 
apical, cardiac and intermediate lobes and a piece 
from the anterior and posterior margins of the diaph- 
ragmatic lobes were fixed in 10% buffered formol 
saline. Sections were cut at 4p and stained with 
haematoxyiin and eosin. 
Gross and microscopic lung lesions were assessed 
subjectively. Gross features compared were the overall 
extent of pneumonic lesions and the relative incidence 
of lesions in various lobes. Features assessed micro- 
scopically included septal thickening, alveolar collapse, 
lobular atelectasis. septal cell mitoses, neutrophilic 
infiltration, bronchiolar epithelial proliferative activity, 
purulent bronchiolitis and lympho-reticular hyperplasia. 
Microbiological Techniaucs 
Cctton wool swabs of mucus from the nose, pharynx, 
trachea and bronchus, and bronchial washings, were 
collected and cultured for mycoplasmas in a manner 
similar to that described by Cafmichael et a1 (1972). 
The medium was varied from time to time from that 
of Carmichael by the substitution of 45% brain-heart 
infusion for beef heart infusion broth, and 10% young 
calf or foetal calf serum for pig serum. Agar plates 
were prepared from brain-heart infusion - Hanks' 
medium-calf serum media (BrHC), incubated, and 
examined by CarmichaeI's method. 
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TABLE 1 
Results of Pathological and Microbiological Examinations of Lungs from Calves 
No of 
Viable Isolations of 
Histopathology 
Total N o  of No with 
Bronchiolitis 
Hyperplasia Organ Cultures 
Interstitial or Lymphoid Tracheal Ring M .  dispar Age Calves in Gross Lung Lesions Pneumonia Group (weeks) 
1-6 18 11 4 1 11 3 
7-1 6 18 16 3 16 10 8 
20 16 10 0 9 0 O* 
52 37 7 26 21 11 
*All calves in this group were killed before the organ culture technique was developed. 
Mucus swabs were cultivated aerobically on blood 
agar and where significant growth occurred bacteria 
were identified. 
Organ cultures were prepared from tracheal rings 
collected at autopsy and placed in Hanks’ solution plus 
0.5% lactalbumin hydrolysate and 0.1 % yeast extract. 
They were washed twice in Hanks’ solution then cut 
into single rings of cartilage and placed in 5 cm tissue 
dishes on a scratched area. Six ml of Hanks’ medium 
containing 10% foetal calf or young calf serum and 
500 units/ml of penicillin and streptomycin and 100 
units/ml of nystatin* was added, so that the liquid just 
covered the surface of the tissue. The cultures were 
incubated at 37°C in an atmosphere of 10% CO, in 
air for at least 3 weeks unless bacterial growth occurred. 
The medium was changed twice a week. 
Lung organ cultures were prepared by cutting fresh 
lung into pieces of approximately 3 to 5 mm diameter. 
One or two of these pieces were placed in 2 ml of the 
same medium (as used for the tracheal organ cultures) 
in screw top tissue culture tubes, and incubated on a 
roller drum at 37°C. This technique was used for the 
last experimentally inoculated calf and three calves in 
the age series. 
The supernatant fluid of the organ cultures was 
examined for mycoplasmas at approximately weekly 
intervals or when the medium in the tracheal organ 
culture plates appeared acid after removal from the 
C02 incubator for 30 minutes. Tissue culture mono- 
layers of bovine kidney and testis were inoculated with 
0.2 ml of fluid per tube 2 weeks after organ cultures 
were initiated, for attempts at virus isolation. 
An antiserum was prepared in rabbits as described 
by Carmichael et a1 (1972) against the mycoplasmas 
isolated from the tracheal organ cultures of calf 140 
(a  4-week-old calf in the age series), the ground lung 
of calf 3 (which had been inoculated with culture from 
calf 140) and from the nasal swab from calf 704 (a 
15-week-old calf of the age series). 
Results 
Calves Killed at Weekly Intervals 
Gross lung pathology - Macroscopic abnor- 
malities were present in 37 (71%) of the 52 sets 
of lungs examined. The lesions consisted of dark 
lobular areas of collapse (atelectasis) usually en- 
compassing several lobules but varied in size from 
2 to 3 mm to 4 to 5 cm in greatest dimension. 
The severity of lesions was greatest in the group 
aged 7-16 weeks. Of lungs with lesions, the right 
*Mycostatin, E. R .  Squibb, England. 
lung was affected in 86% of cases while only 
38% had lesions in the left lung. Lesions were 
usually more numerous and extensive in the right 
apical lobe. Lobar consolidation was not found. 
Purulent exudate was noted in the distal trachea 
of three of the 20-week-old calves and small 
amounts of pus could be expressed from the bron- 
chioles of some atelectatic areas. There was no 
evidence of dilated lymphatics or pleural ad- 
hesions. 
Hisropathology - Septal thickening and al- 
veolar collapse were consistent findings in all age 
groups, being noted in the lungs of all but 2 
calves, one which was 2 weeks old and the other 
4 weeks old. The lesions had a lobular distribu- 
tion and areas where septal cell hyperplasia and 
proliferation had progressed to lobular collapse 
corresponded to macroscopic lesions. Septal cells 
in mitosis were occasionally found. 
There were age-related differences in the 
microscopic findings (Table 1). Septal thickening 
and alveolar collapse were most marked in the 
younger (1 to 6 weeks) calves. There was con- 
siderable evidence of interstitial proliferative 
activity, and in four of these calves a diagnosis 
of proliferative interstitial pneumonia was made. 
In these cases mitoses were readily found in 
proliferating septal cells which had a pleomor- 
phic appearance (Figure 1). An additional fea- 
ture was the presence of proliferative dysplastic 
changes in the epithlium of the small and termi- 
nal bronchioles (Figure 2). There was only 
limited evidence of perivascular and peribronchial 
lymphoid hyperplasia. 
The 7 to 16-week-old group had the most pro- 
nounced microscopic lesions. Peribronchial and 
perivascular lympho-reticular hyperplasia to- 
gether with purulent bronchiolitis constituted the 
main findings. Lobular atelectasis could some- 
times be related to bronchioles occluded by plugs 
of neutrophils or compressed by hyperplastic 
aggregations of lymphoid tissue. Atelectatic areas 
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were occasionally lightly infiltrated by neutro- 
phils. 
Microscopic changes in the lungs of the 
20-week-old calves were relatively mild, suggest- 
ing that some regression of lesions had occurred 
by this time. Bronchiolitis and lymphoid hyper- 
plasia were again the main findings. There was a 
minor degree of septal thickening and atelectasis. 
Microbiology - The region of the respiratory 
tract where bacteria were consistently found was 
the nose. There was no consistent pattern of 
species isolated, but the following bacteria were 
found:- Staphylococcus albus, micrococci, 
Streptococcus viridans, Neisseria spp, Bacillus 
spp, coliforms (mainly Escherichio coli, Kleb- 
siella, and some Proteus spp) Corynebacteriurn, 
Pseudomonas spp, Moraxella spp, Acinetobacter 
spp and some unidentified gram negative bacilli. 
No pasteurella species were detected. No bacteria 
were detected by direct observation of smears, or 
by culture, of the pus in trachea or bronchioles. 
No viruses were detected in tissue culture. 
The results of the culture for mycoplasmas 
were influenced by the type of serum used in the 
medium. At first, when only swine serum was 
used, numerous isolations of a “centred” type 
mycoplasma were made from the nose, pharynx, 
and upper trachea and on a single occasion from 
the lower trachea. When young calf or foetal 
calf serum was substituted to facilitate the isola- 
tion of “centreless” mycoplasmas, the isolation 
of “centred” types ceased. Various batches of 
young calf serum tended to produce a better 
yield of “centreless” strains than foetal calf 
serum. Of the tracheal ring organ cultures from 
42 calves which were prepared, those from 13 
calves were contaminated with bacteria or fungi 
within 1 week of preparation. 
Eleven isolations of “centreless” mycoplasma 
were made from the tracheal ring cultures, a 
38% success rate if the organ cultures contarni- 
nated at less than 1 week are disregarded. The 
number of organ cultures which were contami- 
nated at an early stage by bacteria or fungi was 
reduced progressively as the technique was fully 
developed. No isolations of mycoplasma were 
made from ground lung tissue. One strain of the 
“centreless” type was isolated from the lung 
organ culture from 3 calves. 
Transmission Studies 
Clinical findings, gross lung changes and re- 
sults of examination of lungs for bacteria and 
mycoplasma are summarised in Table 2. Respi- 
ratory signs (dyspnoea, rales) developed in the 
two calves inoculated with lung supernate and in 
1 1 + 1 + 1  
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one of the calves inoculated with mycoplasma 
culture. The remaining calves became moribund 
without exhibiting specific respiratory signs. At 
autopsy, lobular areas of atelectasis were found 
in the lungs of all four calves (Figure 3). These 
were distributed through all lobes except in the 
calf inoculated with washed organisms, where 
they were confined to the left diaphragmatic lobe. 
Microscopic examination Confirmed the presence 
of a proliferative interstitial pneumonia in all 
calves (Figure 4). There was septal cell hyper- 
plasia and proliferation together with lobular and 
sublobular atelectasis. Areas with atelectasis were 
lightly infiltrated by neutrophils. Excess alveolar 
macrophages were evident in some areas. There 
was mild peri-vascular and peri-bronchial lym- 
phoid hyperplasia. The airways, especially the 
small and terminal bronchioles, showed prolifera- 
tive dysplastic epithelial changes but contained 
only small numbers of leucocytes. The gross and 
microscopic changes were more severe in the 
three caesarean-derived calves. 
Coliform bacteria were isolated fsom the lungs 
of the two calves which became moribund but no 
bacteria were found in the lungs of the other 
calves. 
M .  dispar was recovered from two of the ex- 
perimentally infected calves. Mycoplasmas were 
cultured from the lungs of calf 3 in dilutions up 
to lo5, the highest dilution made. However, the 
lowest dihtion of this lung in medium did not 
yield any mycoplasmas. Calf 5 yielded myco- 
plasmas from all tracheal ring and lung organ 
cultures and from ground lung using undiluted 
inoculum and inoculum diluted 1 in 10. The 
tracheal ring cultures from infected calves other 
than calf 5 were overgrown by bacteria within a 
day of collection. 
The two control calves given culture medium 
remained clinically normal. No gross lung lesions 
were found at autopsy but slight changes were 
detected on microscopic examination. There was 
some mild septal thickening in the lungs of both 
calves. In calf 6 ,  several lobules with marked 
septal cell hyperplasia and proliferation, and ex- 
cess inter-alveolar macrophages were found. In 
lung sections from calf 7 some proteinaceous 
material was evident in airways. In one section 
there were several areas of lympho-reticular 
hyperplasia along inter-lobular septa and a peri- 
vascular lymphoid aggregate was noted in 
another section. The tracheas and lungs of each 
of the controls contained no detectable bacteria 
or mycoplasmas, and the tracheal ring organ cul- 
tures grew well for some weeks, when they were 
discarded. 
Biological Characteristics of the Mycoplasma 
The biological characteristics of the myco- 
plasma with “centreless” colonies were examined 
in detail. These mycoplasmas retained their 
colonial form even after many passages (12 to 
20) in liquid medium, with or without antibiotics 
being present in the medium. Strain 140 was de- 
termined to be sensitive to chloramphenicol, 
tetracycline, and polymyxin B using discs impreg- 
nated with antibiotics, and also to tylosin solu- 
tion. It was resistant to penicillin, streptomycin, 
erythromycin, sulphonamides, nystatin and ampi- 
cillin in discs. 
All strains fermented glucose with the produc- 
tion of acid. The strains tested did not reduce 
tetrazolium hydrochloride, did not utilise argi- 
nine, and haemolysed guinea pig and sheep ery- 
throcytes by the overlay method described by 
Carmichael et a1 ( 1  972). 
Serology 
The strains of “centreless” mycoplasma tested 
for growth inhibition with the rabbit antiserums 
were inhibited by each antiserum. Two of the 
strains were confirmed as M .  dispar by growth 
and metabolic inhibition by an antiserum pro- 
duced against a culture of M .  dispar. 
No evidence of antibody to M .  mycoides var 
mycoides was found, and none of the colostrum 
deprived or the caesarean derived animals had 
antibody to any of the viruses for which testing 
was done. 
All except three of the oldest calves in the 
age series had antibody to ephemeral fever virus. 
Since this arbovirus had not been actively 
spreading in the south Queensland area in the 
lifetime of these calves, this was indirect evidence 
that the calves purchased through the market had 
received colostrum. One calf had antibody to in- 
fectious bovine rhinotracheitis virus. Eighty-three 
percent of the calves in the age series had anti- 
body to parainfluenza 3 virus and 45% to 
mucosal disease virus, but insufficient serial 
bleeds were taken in most cases to state that this 
was maternally derived; however, most of the 
negatives were the oldest animals. 
Discussion 
Gross examination of the ,lungs of the age- 
series calves confirmed a high incidence of pneu- 
monic lesions, although these lesions were usually 
not extensive. However histopathological ex- 
amination indicated that the changes were 
generalised throughout the lung and were not 
confined to the macroscopically abnormal areas, 
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Figure 1. Section of lung of three-week-old calf (140). There Figure 2. Section of lung of calf 140 showing proliferative 
is proliferation of septal cells (note mitosis) and focal lympho- epithelial dysplasia in a small bronchiole. H and E x 400. 
cytic accumulation adjacent to interlobular septa. H and E 
x 320. 
Fi ure 3 Lung of calf 2 Inoculated with lung aupernate from Fi ure 4. Saction of lung of calf 2. Interstitial proliferative 
cayf 140: Ateleclatic lobules have become confluent in some acylvity la indicated by septal thickening and excess macro- 
areas. phages in alveolar spaces. H and E x 400. 
although these areas showed the greatest degree 
of lobular collapse. Generally, there was a posi- 
tive correlation between the extent of the gross 
lesions and the severity of the microscopic 
changes. However macroscopic assessment of 
lungs was not completely reliable and several 
sets of lungs assessed as normal on gross exami- 
nation had marked histological changes. 
The recovery of M. dispar depended largely 
on the development of skill with the tracheal 
organ culture technique, but this procedure pro- 
vided evidence of a significant incidence of res- 
piratory infection with M. dispar in the age-series 
calves. The organism was recovered from the 
lungs of one of these calves that were normal 
on gross and microscopic examination, but the 
lungs in the other calves showed a variety of 
microscopic changes ranging from mild interstitial 
reaction to a proliferative interstitial pneumonia 
associated with bronchiolitis and lymphoid hyper- 
plasia. More of the isolations of M. dispar were 
made from calves aged between 7 and 16 weeks 
than from the group aged 1 to 6 weeks. The 
lungs of this older group had the most extensive 
gross lesions and marked microscopic changcs, 
amongst which purulent bronchiolitis and lym- 
phoid hyperplasia were especially prominen:. 
Because the 20-week-old group was killed prior 
to the development of the succesful isolation 
method no comparison can be made with this 
group. 
The failure to demonstrate other infectious 
agents from lungs, lower trachea or pus suggested 
the possibility of a causal relationship between 
infection with M. dispar, a known pathogen, and 
the lung lesions. This hypothesis was supported 
by the results of experimental infection of calves 
by intra-tracheal inoculation of affected lung 
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homogenate and cultures of M .  dispar which re- 
produced the gross and microscopic features of 
the pulmonary lesions. However, the major histo- 
pathological features of the condition, prolifera- 
tive interstitial activity and lymphoid hyperplasia, 
lack specificity and could possibly result from 
the action of a varietv of other agents (Omar 
1964; Jericho 1966). The pathogenic potential of 
M .  dispar was demonstrated in colostrum- 
deprived and caesarean-derived calves but the 
possibility that another undetected agent contri- 
buted to the lesions in the lungs of the age-series 
calves cannot be discounted. 
Mycoplasma dispar has been isolated from the 
pneumonic lungs of calves (Gourlay and Leach 
1970; Gourlay et a1 1970). Thomas and Smith 
( 1972) recovered this mycoplasma from calf 
lungs assessed as non-pneumonic on macroscopic 
examination at abattoirs; more isolations were 
made from the lower respiratory tract of the 3 
to 4-month-old group of calves than either the 
1 to 2-day-old group or a group 10 months 
or older. M .  dispar has not been reported previ- 
ously in Australia and there is no information on 
the incidence of the organism in the general cattle 
population. The lesions associated with M .  dispar 
are essentially proliferative in type and are thus 
distinct from contagious bovine pleuropneu- 
monia caused by M .  mycoides which is charac- 
terised by copious fibrinous exudation and dilated 
interlobular septa. 
The repeated failure to isolate M .  &par from 
lung tissue cultured in non-living medium, in 
cases where it was obtained from the tracheal 
organ culture, may have been because of low 
numbers of organisms present in the lung, or due 
to the normal culture method used, namely, 
grinding the lung tissue. Kaklamanis et a1 (1969) 
found that extracts of freshly ground normal 
tissues including lung showed evidence of myco- 
plasmacidal activity. 
The subclinical pneumonia associated with M .  
dispar infection in calves is, by itself, of little 
clinical significance even with its prolonged 
course lasting several months. However, in 
association with other agents it may have a vital 
role. The way in which mycoplasmas msy con- 
tribute to the pathophysiology of respiratory 
disease have been investigated in tracheal organ 
cultures infected with these organisms. Collier 
et a1 (1969) found that the mycoplasmas local- 
ised on the epithelial surface, resulting in im- 
paired ciliary activity and damage to epithelial 
cells. By the use of scanning electron microscopy, 
Reed and Boyde (1 972) have strikingly illus- 
trated that infection of tracheal organ cultures 
of calves with parainfluenza 3 virus or rhino- 
virus causes severe epithelial damage, and that 
mycoplasmas grow much more rapidly in such 
damaged organ cultures (Reed 1972). A wide 
range of viruses have been isolated from cattle 
with respiratory disease, including those species 
used by Reed. 
It is thus possible to suggest two mechanisms 
by which M .  dispar may interact with other in- 
fectious .agents. Firstly, M .  dispar, as a subclini- 
cal infection, may impair normal physiological 
mechanisms and favour the localisation and 
proliferation of other microorganisms. Alterna- 
tively, damage to respiratory tract epithelium 
by viruses such as parainfluenza 3 virus may 
lead to exacerbation of a chronic subclinical 
pneumonia caused by M .  dispar. 
Current concepts of the evolution of the 
clinical manifestations of “enzootic pneumonia” 
of calves call for a primary infectious nonbac- 
terial pneumonia which allows the localisation 
of bacteria such as Pasteurella in the lungs and 
the consequent severe clinical signs (Jubb and 
Kennedy 1970). The significance of M .  &par 
as such a primary agent of respiratory disease 
in calves requires further investigation. 
Summary 
A subclinical pneumonia of calves associated 
with Mycoplasma dispar infection was identified. 
The macroscopic lung lesions were scattered 
lobular areas of atelectasis which were found 
most frequently in the right lung, especially the 
right apical lobe. Microscopic changes were 
septa1 cell hyperplasia and proliferation, bron- 
chiolitis and peri-vascular and peri-bronchial 
lymphoreticular hyperplasia. Gross and micro- 
scopic lesions were more pronounced in calves 
7 to 16 weeks of age than in calves aged I 
to 6 weeks or 20 weeks. 
Intratracheal inoculation of caesarean-derived 
or colostrum-deprived calves with an homogen- 
ate of affected lung or with cultures of M .  dis- 
par resulted in a proliferative interstitial pneu- 
monia. 
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ABSTRACT 
ANAESTHESIA OF THE NEWBORN KITTEN 
Sodium pentobarbital, sodium thiamylal, ether, and 
methoxyflurane were invesetigated as anaesthetic agents 
in 115 newborn kittens. Methoxyflurane was satisfactory 
both for induction and maintenance of anaesthesia, 
following an injection of 0.06 mg/kg atropine. Induc- 
tion was accomplished by using a face mask made from 
a plastic disposable 2 ml syringe case. After induction 
the kitten was maintained with the same mask placed 
loosely on the face. Methoxyflurane was safe, non- 
irritating, and afforded adequate surgical anaesthesia 
with excellent muscle relaxation and rapid recovery. 
The other anaesthetics proved unsatisfactory due either 
to irritation, difficulty of administration, low margin of 
safety, long recovery time or unpredictable results. 
Sis, R. F. and Herron, M. A. (1972l-Lab. Anim. Sci. 
22: 746. 
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18. 
CHAPTER 3 ---- -
A SENTlNEL HERD SYSTEM FOR INVESTIGATlONS OF ARBOVIRUSES 
AND THEIR EPJOEMIOLOGY 
Serol ogi cal surveys can g i ve a reasonable i dea of the geographic 
range of a particul ar i nfectious agent providing that a suitable antigen 
is avai l able and that a serol ogi cal test exists, or can be developed. The 
establ i shment and operation of the Austral i an sentinel herd system are 
descri bed in the fi rst two papers in thi s  chapter (#3-1, #3-2). The i dea 
of establ i sh i n g  a sentinel herd system sprang from the need to accumul ate 
data on the occurrence of vi ral i nfections of cattl e,  in rel ation to age 
or season, as wel l as to geographical distribution. The two papers #3-1, 
#3-2 which described the general appl ication of senti nel herds and the 
associ ated technol ogy, were i nv i ted by the sponsors of the publ i cations i n  
w h i c h  the papers appeared. 
Sentinel Herds 
At fi rst, the sentinel herds were estab 1 i shed only in northern 
Austral i a  and Papua-New Gui nea, but it became cl ear that the i n i tial 
system was inadequate to handl e the epi demi ol ogy of ephemeral fever 
because the southern 1 imi t of thi s  di sease 1 ay in New South Wales. As 
opportuni ty al l owed, herds were added in �lew South Hal es, then a smal l er 
number in Tasmani a ,  South Austral i a  and southern Western Austral ia to give 
a skeleton coverage of the continent. The l ocation of the herds coul d not 
be determined solely by need as three vi tal factors were necessary :  a 
cooperating owner; a trained person wi l l i ng and able to col l ect blood 
samples from that herd; and access to a sui table transport system which 
woul d al l ow blood sampl es to reach Long Pocket Laboratory in a useable 
condition. 
The sentinel herd system produced serum for use with establ i shed 
anti gens - mucosal di sease v i rus,  bovid herpesvirus 1, parainfl uenza 3 
v i rus and , in cooperation with Dr R.L.Doherty (#3-3), bovine ephemeral 
fever vi rus and other arbovi ruses. The resul ts of the serol ogy deri v i ng 
from tests with the fi rst three v i ruses have never been ful l y  analysed or 
publ i shed because of other research priori ti es.  In brief,  most sentinel 
groups o f  c.�l ves received col ostral antibodies to two or three of the 
vi ruses. Actively produced antibodies to parainfluenza 3 vi rus devel oped 
at an early age but the sampl i ng interval (then about 3 months) was too 
19.  
l ong to determi ne when thi s  occurred i n  rel ation to the decl ine of 
maternal antibody ti tres . 
i n  the first year of 1 i fe .  
I nfection vlith mucosal di sease v i ru s  occurred 
However, i nfection with bovi d herpesvi rus 1 
did not occur until a weaned sentinel group joi ned the main herd. 
Antibodies to ephemeral fever vi rus devel oped each year in  a few herds i n  
far northern Austral i a ,  but further south only in  step with epidemi cs.  
The early experience wi th the serology using these viruses did stimul ate a 
move to cl ose the interval between successive sampl i ng of sentinel groups 
to no more than one month wherever possible.  Thi s  is the step that made 
it possible  to correl ate arbovirus activ ity,  as j udged by serol ogy, with 
vector popul ations .  
My i nvol vement wi th sentinel herds began to dimin i sh i n  1978 with the 
i dentification of bl uetongue v i rus .  Negotiations to hand the project over 
to a National Serum Bank to be establ i shed and managed by the Austral ian 
Bureau of Animal Health and the Departments of Primary I ndustries or 
Agric ul ture of the Austral ian states had begun earl i er that year. The 
withdrawal by me was accel erated during the bl uetongue i nvestigation. 
Only the herds in the Northern Terri tory and two in Queensland, at Kairi 
and Peachester remai ned during the bl uetongue i nvestigations. When Or.  
G . P . Gard establ i shed a v irus l aboratory i n  Darwin ,  the Northern Terri tory 
sentinel herds were handed over to hir:t and have yiel ded more new v i ruses 
the first bei ng described i n  paper #3-25. At present, only the Kai ri and 
Peachester senti nel herds are actively used by my group in research 
projects. The National Serum Bank is not yet fu� ly  establ i shed so only 
i ndividual state schemes rema in .  
The sentinel herd s ites were used as  the i n i tial  framework to 
establ i sh a survei l l ance system for i nsect vectors of arbovi ruses 
i n fecti ng l ivestock by setti ng l ight traps to catch insects one or two 
ni ghts a month. The fi rst herds to be used were in those partici pating i n  
the Fl inders Ri ver Project (#3-40 ) .  From that modest beginning,  an insect 
trapping network was establ i shed by t�r H .A. Standfast and t•lr M.J. �1u l l er 
to cover northern Austral ia .  
The  sentinel herd scheme was  compl etely oriented to serology when i t  
was  establ i shed. It was thus compl etely passive and the purpose was to 
store i n formation as frozen antibodies. The accumulated i nformation cou ld  
then be  extracted only with antigens obtained el sewhere. There was  a 
gradual transformation of the scheme to i sol ate al rea•1y known and new 
vi ruses from cattl e as an addition to the serology. This phase produced 
results which  are described in  the next sections of thi s  chapter. 
20. 
Arbovirus Isol ati ons 
Bl ood samples suppl i ed by cooperators or col l ected by my group 
arrived in Long Pocket Laboratories as cl ots from which the serum had 
whol l y  or parti al ly  separated. There was normal ly a l oose mixture of 
erythrocytes and l eucocytes at the bottom of the sample bottl e ,  outside 
the cl ot. A routine was establ i shed whereby these cel l s  were cul tured in 
baby hamster k i dney cel l s .  In addi tion, part of the blood samples from 
sentinel animal s was col l ected into anticoagul ant fi rst in the Peachester 
herd then l ater in some other herds. The majority of the same bl ood 
sampl es �<ere cal l ected from sentinel cattle and together with some from 
horses ,  buffaloes or sheep were cul tured for arboviruses. 
A trickle of arbovi ruses was i sol ated ( papers #3-4, #3-5, #3-10, #3-
1 1 ,  #3-13) which compl emented the i sol ation of the s imi l ar v i ruses from 
i nsects especia l ly  Cul icoi des brevitarsi s ,  cal l ected at sentinel herd 
s ites, Beatrice Hi l l , Kairi and Peachester in  Queens! and (#3-10, #3-14, 
#3-21, #3-24, #3-26 ) .  The various serological surveys pl aced the v i  ruses 
in a b iol ogi cal context. 
One del i berately pl anned v i rus i sol ation program at the Peachester 
s ite i s  described in paper ( #3-6 ) .  The experiment was undertaken in  the 
expectation that subcl i nical i nfection with Akabane v i rus waul d occur 
with in  an approximate time bracket. The expectation was based on the 
serol ogy of sentinel cattl e there in previous years. Convi ncing  evidence 
was produci ng that a group of cattle under good daily observation could be 
i nfected wi th Akaoane v i rus �<ithout causi ng cl i nical s i gns. 
No natural ly occurring disease has been associated �<ith any of the 
newly described vi ruses i n  thi s  chapter i sol ated from cattl e ,  or from the 
midge .!!.:.. brevitarsis col l ected i n  the same l ocation with them, namely 
Peaton, oougl as and Tina roo vi  ruses ( Simbu group l ;  Tibrogargan v i rus 
( rhabdovi rus ) ;  CSIRO Vi l l age, and Bunyip Creek ( Palyam Group) .  The names 
of CSIRO Vi l l age and Bunyip Creek were accepted as regi stered names subse­
quent to the paper in thi s  chapter with thei r prel iminary characterization 
as CS!RO 11 and CSI RO 58 by i�iss  D . H .  Cybi nski (#3-15) being publ i shed. 
Each of the v i ruses has been rel ated to invertebrate and vertebrate hosts 
ei ther by v i rus i sol ation or serol ogy and thus pl aced in geographical and 
seasonal context. The sentinel herd serum bank has assisted thi s process. 
Serol ogy on sera from Pacific  and south-east Asian countries has been used 
to demonstrate that antibodies to al l these new vi r·Jses occur i n  Halaysi a ,  
I ndones i a ,  but to fewer o f  them i n  Papua-New Gui nea , Uew Cal edonia and 
21 .  
Fij i .  The  vi ruses named in  thi s  paragraph and  others in  the papers in  
this  Chapter have been used i n  many derivative studies in  Austral i a  and 
abroad which have taken the form of theses or pub l i shed work. Two 
examples where I am named as an author are papers #3-16 and #3-25. 
The viruses which are known to have caused disease, Akabane and Ai no 
viruses, were fi rst i sol ated in Japan. Akabane virus was l inked to the 
teratogenic effects by r1uira � �  ( 1 974)  and subsequently, in Austral i a  
i n  southern a n d  central areas o f  New South Wal es by Hartley �� (1975 ) .  
However, our project i n  cooperation with Dr . O . R. Coverdale fi rmly l i nked 
arthrogryposis and hydranencephaly of cal ves in  the New England area of 
flew South Wal es to both Aka bane and Ai no viruses ( #3-8 ) .  The serology of 
col ostrum deprived ca 1 ves and their mothers and three sequential serol og­
ical surveys,  were 1 inked to di sease outbreaks by al erti ng the farming 
communi ty in advance and obtai ning many affected cal ves through their 
cooperation ( #3-12 ) .  The di sease i n  the New Engl and area has si nee been 
shown to have years of low and high prevalence ( O .R .  Coverdal e ,  
T .D .  St. George and D .H .  Cybinski , unpub l i shed data) . Akabane and Ai no 
v i ruses are not the entire cause of the arthrogryposi s/hydranencepha ly 
syndrome i n  the New England area as no antibodies to these two viruses 
have been found i n  some cal ves w ith the very characteri stic c l i ni cal si gns 
and pathology, or their mothers .  In these instances , nei ther the dam nor 
the mother was i nfected with a known teratogenic virus. 
The vary i ng prevalence of infection with Simbu group virus from year 
to year in  the New England area is rel ated to al titude rather than 
l atitude. Summer weather in  the high country i s  not always sui tabl e for 
the entry or bui l d  up of substantial popul ations of the vector species � 
brevitars i s .  Thus i t  i s  possibl e for substantia l  numbers of cattle to be 
pregnant when they are i nfected with teratogenic vi ruses for the fi rst 
time. The whol e New England region is wel l w ithin the area of Austral i a  
where c .  brevi tarsis i s  found every year. In contrast, a t  Peachester the 
h i gh prevalence of Akabane and Ai no viruses each summer, a reflection of 
the h igh popul ation density of � brevi tarsis on this farm makes i t  
i mpossible  for a simi l ar situation t o  occur with these vi ruses, a s  a l l  
young cattle there are infected and immune before they become pregnant. 
However, occasional arthrogrypoti c calves are born, though the causative 
vi rus has not been determined. 
Antibodies to each of the new Simbu group viruses (Peaton, Tinaroo 
and Douglas )  has been found to occur in ,Japanese cattle (Or.  Y. Inaba, 
National Insti tute of Animal Heal th , Tokyo - personal communication) . 
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Bl uetongue and Re 1 a ted Vi ruses 
The fear of the entry of bl uetongue i nto the Austral ian flock had two 
major effects. Namely the impl ementation of quarantine procedures 
designed to prevent entry of vi raemic ruminants or i nfected semen , and the 
preparation for the effects of such an entry .  
Dr �  T .S .  Gregory ,  Chief of the CSIRO D i v i s i o n  of Animal Heal th , 
establ i shed a v i rol ogy unit under Dr. E . L .  French at the CSIRO Animal 
Heal th Research Laboratory ,  partly because he was concerned that the 
impact bl uetongue had made on the sheep fl ock of Spain coul d be repeated 
i n  Austra l i a .  Unti l the appointment of Dr. French to CSIRO in 1958, no 
modern un it  for di agnes is or research i nto v i ral diseases of  domestic 
animal s exi sted in Austral i a .  D r �  Gregory considered that bl uetongue 
v i ru s  could establ i sh  ins i diously in  Austral ia  in the cattle of the far 
north (Gregory ,  1959 ) .  He i n i ti ated the major i nvestigation i nto vi ruses 
of l i vestock in Austral i a  and al so the study of the Cul i co ides species i n  
Austral i a  by M r  t1 .D .Murray a n d  M r  A.L. Oyce as these midges cou l d  be vect­
ors of bl uetongue v i rus .  In a sense, Dr Gregory ensured the ful fi lment of 
h i s  prophecy. The actual announcement in 1977 , that bl uetongue virus was 
present in Austral i a  at least si nce 1975 was a major event. However, the 
capabi l i ty to deal with the consequences was avail abl e .  An i dea of the 
seriousness w ith which i ts entry was being prepared for can be derived by 
reading the sympos ium on bl uetongue hel d i n  1974 i n  Adel aide (Various 
authors, 197 5 ) .  The expert panel at that symposium was assembled from 
mar.y countries to review the prep•rations and to make recommendations. 
The Beatrice H i l l  Project which produced bl uetongue vi rus is describ­
ed in paper #3-17.  The pri ncipal target of the project was the i sol ation 
of bovi ne ephemeral fever v i rus from an i nsect and this objective was 
achieved ( #3-3 3 ) .  The cri ti cal event which occurred during the Beatrice 
H i l l  project was the i ntroduction by me of tissue cul ture methods for the 
i sol ation of v i ruses from i nsects in mid-1975. The i nitia l  protocol s  had 
provided only for the use of suckl i ng mice for vi rus i sol ation, a method 
whi c h  fai l ed to detect bl uetongue v i ruses in Austral i a .  CSIRO 19 (bl ue­
tongue virus serotype 20) was i sol ated i n  tissue cul tures by me in work 
which  paral l el l ed the al ready establ i shed procedures (#3-18) .  The act,Jal 
i denti fication of CSIRO 19 v i rus as a bl uetongue virus did not occur until 
october 1977. The i denti fi cation was made at the Ya 1 e Arbov irus Research 
Unit by Chri s ti na Frazier under ci rcumstances described by Shope ( 1931 ) .  
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The val ue of the serum bank col l ected from sentinel cattl e i:mnediate­
ly demonstrated its worth. Within 4 days of quarantine restrictions being 
rel axed on work with CSIRO 19 bl uetongue virus , the resu l ts of  the fi rst 
virus neutra l i zation test, which had been i:mnediately devel oped by l•1 iss 
Daisy Cybinsk i ,  were avail  abl e .  This outl ine survey demonstrated that 
neutral izing antibodies to CSIRO 19 were absent from the most recent serum 
sampl es from the sentinel herds, with the exception of those in the far 
north of the Northern Terri tory . The subsequent major serol ogical survey 
which was carried out by mysel f and my group on behal f of al l the States 
of Austral i a ,  demonstrated that neutral izing antibodies to this virus were 
in greatest prevalence in the far north of the Northern Terri tory , 
al though much l ower prevalences exi sted further south in the Northern 
Territory, in Cape York peninsul a in Queensl and and in the far north west 
of Western Austral i a .  Neutral izing antibodies were found to exi st in sera 
whi ch had been col l ected at Beatrice Hi l l  in 1972 ,  but not in earl ier 
col l ections back to 1969, when the sentinel herd there was first sampled.  
I t  i s  interesting to note that serol ogy of the sentinel herd sera stored 
between 1969 and the present has shown that bl uetongue virus serotype 20 
was in greatest prevalence at Beatrice Hi l l  in 1975 ,  the year the vi rus 
was i sol ated. 
Dr. Y . S. Chung of the Queensl and Department of Agriculture, working 
i n  my l aboratory on the same survey sera with a compl ement fixation test 
for bl uetongue group antibodies, found wi thin a few days of the commence­
ment of the major survey that a smal l proportion of sera negativo to the 
neutral ization test with CSIRO 19 virus ( bl uetongue serotype 20) were 
positive in  the CF test. The di screpancies between the speci fic tests and 
the group tests wi dened steadily when more sera were processed by other 
l aboratories. The search for the viruses responsible for generating such 
antibodies was l aunched. Two possibi l ities were considered. The fi rst 
possibi l i ty was that the bl uetongue group antibodies represented infection 
by bl uetongue vi ruses of other serotypes and the second that bl uetongue­
rel ated v i ruses were responsibl e. In fact, additional bluetongue viruses 
( #3-2 1 ) ,  and al so vi ruses of the related epi zoetic hemorrhagic disease 
serogroup were found (#3-26 ) .  The results of this search are demonstrated 
in outl ine in papers forming part of this chapter 
The search for addi tional bl uetongue vi ruses was pl anned and coordi n­
ated by a co1001ittee representing CSIRO and various state Departments M 
Primary I ndustries each responsibl e for part of the research . I was a 
member of that commi ttee. My responsibil i ty for seeking additi onal bl ue-
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tongue v iruses l ay particul arly with the sentinel herds of the tlorthern 
Terri tory and the one at Peachester in Queensland. A considerable economy 
of  effort was achieved by restricting the search for v i ruses to the l atter 
part of summer� This was achi eved by determi n i ng the period of the year 
when maximum transmission of bl uetongue serotype 20 occurred in the past 
by ex ami nation of stored sentinel herd sera. As more bl uetongue v iruses 
were found and defined ( #3-21  to #3-23 ) ,  the val idity of thi s approach was 
rei nforced by subsequent serology� The major survey col l ated by 
Dr �  A . J .  Del l a-Porta (#3-25 ) demonstrated that antibodies to the first 
v i ru s ,  CSIRO 19 ( serotype 20) were much more geographically restricted 
than the bl uetongue group antibodies .  The i sol ation of the newer 
serotypes 1 and 21 has gone a l ong way to expl a in  thi s  apparent 
discrepancy. 
The support of the compl ementary vector studies under the direction 
of Mr H .A. Standfast described in part in  this chapter absorbed much of 
the resources avai l abl e .  However, progress made i n  v i rology, serol ogy and 
pathogenes i s  is reported in short papers (#3-19 to #3-22 ) .  
The yiel d of different bl uetongue and rel ated vi ruses from my group ' s  
segment of the search are as fal l ows : 
CSIRO 156 - bl uetongue serotype 1 
CSIRO 154 - b 1 uetongue serotype 21 
CSIRO 439 - EHD2 - Ibaraki v i rus 
CSIRO 157 - possibly  to be EHD 5 
CSIRO 753 - possibly to be EHD 6 
CSIRO 775 - possibly to be EHD 7 
Bl uetongue serotype i s  al ready k nown 
Austral ian  representatives of this serotype 
differences .  
from Africa.  However, the 
show important b iochemical 
The i dentity of the bluetongue serotypes 1 and 21 are known only from 
personal comnunications with Dr. Bal tus Erasmus, Onderstepoort. The 
proposed numerical c lassification of the EHD v i ruses is from work carried 
out by or, Charl es H .  Campbel l ,  Pl um Isl and Animal D i sease Laboratory and 
consul tation with Or� Oyewal e  Tomori of Universi ty of Ibadan ,  Ibadan , 
IJigeria on the naming of the Ni gerian EHO v i ruses. 
More general account of the search for these additional v iruses and 
thei r  rel ationship to vertebrate and i nvertebrate hosts can be gathered 
from papers presented at conferences ( #3-27 to #3-32 l . 
25. 
The immedi ate cost of the di scovery of bl uetongue v irus i n  Austra l i a  
i n  terms of l oss  of export earnings was severe. The off ic i al estimates 
are conservative as the effect of shipping del ays and 1 oss of i ncome 
potenti al was di fficul t to i dentify_ Some repercussions are sti l l  fel t. 
However , a simi l ar cost wou ld  have been i ncurred if a customer country had 
found bl uetongue antibodies i n  the serum of l ive cattle on their  arri val 
in that country . On bal ance , i t  was much better for our national 
credi b i l i ty that bl uetongue v i rus was found by Austral i an i n i ti ative, and 
that i ts announcement of i denti ty to the worl d was made promptly .  
The 1 esson from the experience wi th bl uetongue vi ruses i s  that 
v i ruses whi ch have been associ ated with di sease can make an i nsi dious 
entry to Austral i a  as wel l as a spectacul ar entry. Swine fever v i ru s ,  
Newcastl e di sease v i ru s ,  pseudol umpysk i n  v i rus are others which  have done 
so in the past. 
One direct consequence of the announcement of the bl uetongue v i rus 
di scovery was the recommencement i n  1978 of the construction of the Aust­
ral i an National Animal Heal th Laboratory at Geel ong . Thi s l aboratory wi l l  
improve the capaci ty to prepare for exotic di sease entry, speed diagnosi s 
and enhance the capabi l ity to control or eradi cate such a di sease. 
Another consequence has been that most Austral ian states now have the 
capab i l i ty to i sol ate bl uetongue v iruses and have diagnostic reagents 
prepared from CSIRO 19 v i rus with which to i dentify bl uetongue v i ru s  
promptly a nd  to  do  routine survei l !  ance, or  diagnostic serol ogy. On the 
worl d scene, knowl edge of bl uetongue has been s ignificantly •dvanced. The 
methods devel oped here to find additional bl uetongue v i ruses were used as 
a model in F lor ida to produce bl uetongue v i rus serotype 2 ( E . P . J .  Gibbs,  
Un ivers i ty of  Fl orida , Gainesvi l l e ,  personal communication ) .  
Research o n  bl uetongue v i rus i n  Austral ia  i s  conti nui ng sl owly.  The 
suppl ementary funds and staff which made the rapid progress possibl e are 
no l onger ava i l able.  My group pl ayed the vi tal role in demonstrating why 
bl uetongue v i ruses coul d be present and wi despread in Austral i a ,  al though 
bl uetongue di sease in sheep has not been reported. The complex ecol ogi cal 
reasons have the ir  bas i s  in the fact that the di stribution of sheep and 
the vectors of bl uetongue v i ruses are affected rec iprocal ly  by cl imate. 
Bovine Ephemeral Fever 
I n  1967-68, a major epidemic of ephemeral fever swept across northern 
Austral ia  and the eastern s i de of the continent ( i·lurray , l970 ) .  Th i s  
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epidemic occurred without any forewarni ng,  11 years after the previous 
sl ower moving major epidemic had subsi ded. Another l ong period of 
quiescence was anti ci pated. 
There were two important unresolved questions. The first being "was 
bovine ephemeral fever v i rus present in  Austral i a  between epidemics'· , and 
the second "what was the vector" . In  1970, I was given these probl ems as 
additions to exi sting research work by Or. Alan P ierce, Chief, CSIRO D i v­
i sion of Animal Heal th. Mr H.A. Standfast, an entomol ogi st, was appointed 
to CSIRO w ith the i dentification of the vector as a primary task . 
Serology based on the sentinel herd system soon demonstrated that 
ephemeral fever vi rus was active every year, not merely in  epi demic years. 
A start toward the i dentification of vectors was made by the i solation of 
bov i ne ephemeral fever v i rus from t"o di fferent species of mosquito (#3-
3 3 } .  Thi s immediately changed our thi nki ng toward a multi-vector situa­
tion. This has been rewarded by the very recent i sol ation of bov i ne ephem­
eral fever v i rus from c. brev itars i s  (H.A.  Standfast, unpub l i shed data} . 
Bov i ne ephemeral fever v i rus had been adapted to tissue cul ture by 
Snowdon ( 1 970 } .  Thi s  achi evement provided a useful tool for studying the 
epi demiol ogy of the v i rus in cl i n ical and subcl in ical forms in cattle by 
the means of serol ogy (#3-37 to #3-39} The serol ogical tests were used 
to suppl ement reports obtained by me from field sources. The epidemiol ogy 
of the di sease was fol l owed from 1970 to 1981 as described i n  thi s  
chapter. A description of the epidemiol ogy beyond thi s  date covering two 
more major epi demics i s  sti l l  i n  preparation. The disease has been active 
in cattle somewhere in Austral i a  each summer si nce 1968 but in most areas 
not every summer . 
There are exceptions to thi s  general statement, particularly i n  
northern Austral i a .  The F l i nders Ri ver basin described in  thi s  chapter i s  
one example o f  such an area (#3-40} .  I n  the early years of the sentinel 
herd scheme, only two such foci were identified by means of the sentinel 
herd system, one, an area near Burketown in Queensl and, and the second was 
at Beatrice H i l l  on the sub-coastal pl a in  south-east of Dar11i n  in the 
Northern Terri tory. The year-round accessibil i ty by road of Beatrice 
Hi l l ,  the rel ative proximity to an ai rport, the presence of marsupials and 
b i rds in consi derabl e numbers and sui table fac i l i ties in  which to work and 
l ive, were other major reasons in our choice of thi s  site for continuo•Js 
studies aimed at finding a vector of bovine ephemeral fever virus.  Bovi r  e 
ephemeral fever v i rus was duly i sol ated from mosquitoes coll ected at 
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Beatrice Hill  by r�r Standfast. The first major paper of the Beatrice H i l l  
study (#3-17 ) a l so forms the foundation for the bl uetongue v i rus 
i nvesti gati ons as wel l as for various other vi ruses, i nc I udi ng ephemeral 
fever v i rus .  
No neutral izing  antibody to ephemeral fever v irus or to  a related 
v i rus has been found in sheep sera. This i ncl udes sera from sheep 
adjacent to cattl e in which epi demic ephemeral fever has occurred. 
However, it was found that bovine ephemeral fever vi rus could be passaged 
subcl i n i cal ly  through sheep (#3-35 ) .  It i s  possibl e that the sheep i s  
resi stant to i nfection o r  that the vectors o f  ephemeral fever v i rus may 
not be attracted to sheep in sufficient numbers. 
The devel opment of knowledge of ephemeral fever in Austral i a  can be 
assessed from the reports and reviews i n  thi s  chapter (#3-41 to 3-45 ) .  
The di scovery o f  v i ruses with a n  antigenic relationship w ith bovi ne 
ephemeral fever has thrown some doubt on lo·• titre neutral i zi ng antibody 
titres in survey sera accepted previously as evi dence of i nfection of 
cattl e with bov ine ephemeral fever virus, for example by Snowdon ( 197 1 )  
and  i n  my paper #3-38. 
I n  the report of the i sol ation of one such antigeni cal ly related 
v i rus (#3-34) the name Torti l l a  Fl at was advanced for an apparently new 
v irus .  Thi s  virus has now been shown to be i dentical to Kimberl ey 
v i rus .  The name Torti l l a  Fl at has been wi thdrawn . Or. Y I naba ( personal 
communication) has used the CSIRO 368 strain of Kimberl ey virus to 
demonstrate that th i s  v i rus i nfects cattle in Japan . 
The confusion in terminol ogy arose because it had been assumed that 
Kimberl ey v i ru s ,  i sol ated by Professor N. Stanl ey , had been checked 
agai nst al l known Austral ian rhabdovi ruses in Austral i a  at Queensl and 
I nstitute of 14edical Research or at Yale University .  I t  was only after 
CSIRO 368 v i ru s  had reached an advanced state of characterization 
( Cybinski and Zakrzewski , 1983) that a recheck revealed the relationship .  
A prior i nfection o f  cattle with Kimberl ey virus results i n  a n  accel erated 
and exaggerated serol ogical response after natural ephemeral fever 
di sease. once thi s  characteristic was recognized the newly de vel oped 
neutral i zation test was appl i ed to series of sera cal l ected from sentinel 
cattle before, duri ng ,  and after natural infection with Kimberley vi rus 
and bov ine ephemeral fever v i rus ( #3-36 ) .  Thi s c l  ari f i  e s  the si tuation 
which  has puzz l ed various workers for many years whereby the post di sease 
ti tre of neutral i z i ng antibodies was tremendously vari able and appeared 
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not to correl ate with the severi ty of disease. There had been no concept 
that a second antigenically related v irus was compl i cating the si tuation . 
A fi rm basi s has been l ai d  for understandi ng  the epi demiol ogy of  
ephemeral fever� However, unti l  sufficient vector speci es wi th biological 
character! sti cs  which match the epi demi ol ogy in seasonal i ty and 
di stribution, recorded i n  papers i n  thi s chapter and earl i er by others, 
the search for vectors must continue. Experimental work wi th ephemeral 
fever v i rus i n  cattl e began when space in the i sol ation fac i l i ty for l arge 
animal s became avai l ab l e  after bl uetongue experimental work dimini shed but 
publ ication of these results i s  s ti l l  i n  progress. 
Most of the epidemiological data is based on cl i n ical description and 
most outbreaks were not confi rmed by v i rus i sol ation or serol ogy. The 
sentinel herds provided ampl e cl i nical evi dence that i n fection with bovi ne 
ephemeral fever was occurring on a herd bas is .  However, serol ogical 
confirmation was not provided in every case of cl i nical ephemeral fever. 
In fact, no speci fic rise >�as noted to either the standard strain of 
bovine  ephemeral fever v irus ( BB7721 ) or any of the anti genical ly related 
v iruses appl i ed,  very much in retrospect, to sera hel d from anomal ous 
cases .  El even cl ear c u t  exampl es are known for which a n  explanation has 
yet to be advanced ( unpub 1 i shed data) . 
In contrast, ephemeral fever v irus was i solated, aga in  very much i n  
retrospect, from cattl e originally not considered to have sufficiently 
characteri stic c l i nical signs or to have had equivocal rises i n  
neutral i z i ng antibodies.  Al l descri ptions o f  field outbreaks and 
epidemics must be consi dered in the context of the time they were 
wri tten . on a general scal e they are a useful and sati sfactory record, 
but i nd ivi dual cows within  an outbreak may not have had ephemeral fever. 
The epi demi ol ogy of bovine ephemeral fever is further compl icated by 
i nfection by unrel ated arbovi ruses in the same cattl e in the same time 
frame. The first evi dence of this is in press at  present ( St.George, 
1985 ) .  I n fection wi th other arbovi ruses , particularly the Palyam group 
v i ru s  ( CSIRO V i l l age v i rus ) ,  appeared to i n terfere w i th the progress of 
the outbreak of ephemeral fewer in the Peachester sentinel herd. 
Experiments to confirm thi s  fi ndi ng under experimental condi tions have not 
yet been carried out. 
Research i n to ephemeral fever is sti l l  in a dynamic phase. r�y 
publ ications i n  thi s chapter have i l l ustrated that serum cal c iun and 
fibri nogen l evel s al ter in natural ly  occurring ephemeral fever. These 
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changes have s i nee been confi rmed in experimenta 1 di sease by my group. 
These b iochemical changes are objective i ndi caters of the di sease 
process . The rel ati onshi p of v iraemia and interferon production to the 
onset of fever and cl i nical s i gns have al so been determined but too 
recently to i ncl ude here. 
It is qui te apparent that the complex problems of pathogenesi s  of the 
di sease, and the antigenic cross-rel ationships of bov i ne ephemeral fever 
v i rus are far from solved al though the i nvestigation is now producing  
results wh ich  cl arify rather than adding apparent contradictions.  The 
role of  species  other than cattl e ,  such as deer i n  the mai ntenance cycl e 
of ephemeral fever v i rus is being actively studied ( McKenzie  et � 1985 ) .  
I have been co-organizer o f  three Austral ian  Arbovirus Symposia and 
co-editor of the proceedi ngs of the 2nd and 3rd Symposia. In the f i rst 
proceedings the foreword stated as the aim "Thi s arbovirus symposium was 
held in Bri sbane on 13-14 14ay ( 1976) to bring together workers i n  a w i de 
range of d iscipl i nes concerned wi th arboviruses or their effects on man 
and other animal s" . It has been quite unnecessary to restate this in the 
second and thi rd sympos ia  as thi s  aim was gradua l ly but steadi l y  
achieved. I n  the work presented here, as well as the l atter sympos i a ,  a 
c l oser rel ationsh ip  between the medical and veterinary workers on 
arboviruses can be seen to have evolved. 
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ABSTRACT 
St. George, T.D., 1980. A sentinel herd system for the study of 
arbovirus infections in Australia and Papua-New Guinea. Vet. Sci. 
Commun., 4: 39-51. 
The establishment, and development between 1969 and 1978, of a 
system of sentinel cattle in herds located in many areas of Australia 
and in Papua New Guinea is described. Though the system was estab- 
lished for the study of the epidemiology of a variety of viruses 
infecting cattle, the study has been limited since 1974 to arboviruses. 
By means of serology, it was established that bovine ephemeral fever 
virus was present in Australia in subclinical form between major 
epidemics but was not detected in Papua-New Guinea. The development 
of antibody to bovine ephemeral fever virus in individual cattle 
before they developed clinical signs in epidemics was clearly demon- 
strated. The sentinel technique was used to demonstrate that subclin- 
ical Akabane virus infection in cattle occurred at the time that virus 
was present in its suspected vector, Culicoides brevitarsis which had 
been collected nearby. The epidemiology of other Simbu group viruses, 
D'Aguilar virus, and bluetongue virus, (serotype 20) was also studied. 
A limited programme of arbovirus isolation in tissue cultures produced 
0.8% of isolates from 2090 of the blood clots which accompanied sent- 
inel herd serum samples. 
The most valuable aspect of the sentinel herd scheme has been the 
accumulation of a well documented representative set of serum samples 
for retrospective serology by the use of newly isolated or imported 
antigens. 
INTRODUCTION 
The use of sentinel animals in the study of arbovirus infections is 
not new. A variety of sentinels was used by the Rockefeller Foundation 
workers in various parts of the world, for example monkeys, mice and 
man (Theiler and Downs, 1973). The general philosophy has been to 
locate such sentinels in areas where epidemiological evidence suggests 
that the incidence of a particular arbovirus, or that of arboviruses 
in general is likely to be high. In the use of man as a sentinel, his 
exposure was generally accidental and was the result of his work or 
recreation. The exposure of laboratory animals was deliberate. 
0378--4312/80/0000--0000/$02.259 1980ElsevierScientifiePublishingCompany 
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The approach described here has been different in that cattle have 
been used as the sentinel animals over the large geographical scale of 
the whole of Australia (including the island of Tasmania) , and the 
eastern half of the island of New Guinea (Papua-New Guinea). It thus 
covered the large island-continent of Australia and the two major 
islands to its north and south. 
The motivation for the establishment of the sentinel system was 
two-fold. The serological survey for antibody to bovine viral diarr­
hoea virus and bovine herpesvirus I (St.George et al., 1967) demon­
strated that there was a higher incidence of antibody to each of these 
viruses in cattle to the north of the Tropic of Capricorn than south 
of it. A study of the epidemiology of these viruses was instituted 
because the northern area was then regarded as free of virus diseases 
because of their low livestock density. The motivating factor relevant 
to arbovirus epidemiology, was to elucidate the carry-over mechanism 
of bovine ephemeral fever (BEF) virus between the widely spaced major 
epidemics. 
A sentinel herd system seemed to be a logical method to monitor the 
epidemiology of these viruses. This paper is concerned only with 
those aspects of the sentinel herd system relevant to infections of 
cattle with BEF virus and other arboviruses. 
MATERIALS AND METHODS 
Location of herds 
In 1969, the cooperation of the owners of 10 herds of cattle in the 
northern third of the Australian continent was sought. In most in­
stances, the cattle were grazed under very extensive conditions and 
were normally yarded only 2 or 3 times a year so that special handling 
was necessary to obtain blood samples from the same individually 
identified cattle. In successive years more herds were added until a 
maximum of 56 was reached in 1977. Some herds were lost either through 
natural disasters or sale. 
The distribution of all the herds is shown in Figure 1. Not all 
herds were current at any one time. The intention was to have herds 
in the major cattle producing areas. The large desert areas (Figure 
1) and areas where there are few or no cattle limited the choice of 
locations. Another limitation in the sparsely settled areas was the 
location of a trained officer of a state department of Agriculture who 
could bleed the cattle belonging to a cooperating owner, and who was 
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close enough to air or rail services to despatch the blood samples 
on ice to reach the laboratory within 3 to 4 days. In the extreme 
cases, this meant a journey of 400 km each way by car to obtain the 
blood samples before despatch 3000 km by air. 
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FIGURE i. The locations of the sentinel herds in Australia and Papua 
New Guinea are marked with black dots (-). The hatched areas are des- 
erts which are free of domestic livestock. The river systems or herds 
where special studies were carried out are identified on the map. 
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Frequency of samplin~ 
For the first years of the scheme, the interval between samplings 
was approximately 3 months. While this interval was useful for the 
epidemiology of bovine virus diarrhoea or bovine herpesvirus I, it 
proved too long an interval to correlate the development of specific 
antibody (seroconversion) to BEF virus with either clinical observa- 
tions, climatic conditions, or insect activity. Accordingly, the 
interval between bleedings was shortened to 1 month wherever possible. 
Though complete synchrony of dates of bleeding was unattainable, a 
target of the first week of the month was proposed. In particular 
intensive studies, where the continuous collections of potential 
insect vectors were made at 2 sentinel herd sites, Beatrice Hill and 
Peachester (Figure i), a weekly cycle was adopted. At Peachester for 
short periods within this weekly cycle, a daily collection was made 
when activity of BEF virus or Akabane virus was predicted on the basis 
of serological results of previous seasons. The techniques for hand- 
ling and storing serum samples were described by St. George (1979). 
Number of animals in the sample 
At the commencement of the scheme, the number of cattle bled in a 
sampling group was set arbitrarily at 20. This number was later 
reduced to i0, wherever the sampling interval was shortened to 1 
month. Until 1974, a particular group of animals was retained for 3 
years and a new panel of calves was added each year. From 1974 on- 
wards, when the emphasis was shifted to the study of arbovirus infec- 
tions each group of calves was retained for only 1 year then replaced 
with a new group of young calves to ensure the availability of suscept- 
ible sentinels in all herds. The increased number of serum samples 
that the shorter bleeding interval and the increased number of herds 
produced, meant that individual animals could not be retained in the 
scheme as long, because of the limitations of laboratory resources and 
storage space. 
Blood samples 
A preliminary experiment in 1969, showed that the titres of neutral- 
ising antibody to bovine viral diarrhoea virus and haemagglutination 
inhibiting antibody to parainfluenza 3 virus in sterile bovine serum 
was stable after 3 months storage at ambient shade temperature 15-33~ 
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and 37~ (St. George, 1979). This experiment was undertaken to estab- 
lish that a negative finding for these antibodies was meaningful under 
the worst conditions that could be expected in transit to the labora- 
tory. However, except in the establishment stages of the scheme, the 
conditions of transport were good, and the temperature during transport 
was well below the ambient temperature. The serumsample was usually 
forwarded in the same bottle with the clot. 
Serological and Virological Procedures 
The tests for neutralising antibodies in the serum samples to the 
viruses listed in Table i, were carried out in microtitre tests by the 
methods described by Cybinski et al. (1978a,b). 
TABLE 1 








Murray Valley Encephalitis 
Akabane, Aino, Peaton, CSIROI50* 
CSIROI53*, Thimiri% 
Bluetongue, Eubenangee%, Wallai% 
Bovine ephemeral fever, CSIROI32* 
* Unnamed virus; % No antibody detected. 
During 1976 and 1977, the clot was cultured in baby hamster kidney 
(BHK21) monolayer tissue cultures in roller tubes for arboviruses by 
the procedures described by St. George et al. (1978b). 
Data 
The data on each sampling group fell into 2 categories. The 
fixed data was the latitude and longitude of the farm where the herd 
was located; the animal's number, date of birth, breed and sex. The 
variable data was the date a blood sample was collected (from which 
the age of the animal at the time of sampling was derived), and the 
accompanying ancillary observations on clinical illness, climate or 
insect activity to which the results of any serology were added later. 
The data accompanying the serum was recorded by hand in a form 
compatible with entry into a computer record on punch cards, magnetic 
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tape or disc. The data could be manipulated in terms of any of the 
parameters given above and printed in tabular or map form. 
Vector studies 
General observations on the presence or absence of insects were 
recorded by the person bleeding the cattle, based on information 
reported by the owner of the herd. To provide more objective observa­
tions, a system of automatic light traps was established at sentinel 
herd sites. These were set once a month at the dark of the moon 
(Standfast and Muller, unpublished data). The insects were collected 
into alcohol and identified to species. At Beatrice Hill and Peachester 
(Figure 1) where intensive observations were made, elaborate programmes
of vector collections were made which yielded live insects for virus 
isolation or preserved insects for population studies (Standfast and 
Dyce, personal communication) . 
RESULTS AND DISCUSSION 
The establishment of the sentinel herd system was straightforward. 
Government officers stationed in the various localities were able to 
locate cooperative herd owners, or else were able to use herds on 
research stations. Problems of sampling technique and transport were 
resolved on an individual basis, often by means of a personal visit by 
a member of the scientific staff of the laboratory. Even in the 
remote areas where severe heat and dusty conditions occurred most of 
the year, local officers produced first class blood samples by careful 
technique. Blood samples arrived at the laboratory usually within 2-3 
days of collections but could take up to 1 week. The quality on 
receipt depended on the care of the person who collected and despatched 
the samples rather than the transit time involved. 
More herds were available than the laboratory facilities could 
handle. The greatest problem lay in communicating with new field 
staff as change occurred, so that continuity was maintained. Again 
personal liaison resolved difficulties in most instances. 
The major use of the sentinel system was for serological studies 
for the viruses in Table 1. Only a proportion of the findings derived 
from this serology is given and then only as examples. 
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Bovine ephemeral fever 
Epidemics of bovine ephemeral fever occurred in Australia, in 1935- 
1936 (Seddon, 1938), 1955-1956 (Albiston, 1966) and 1967-1968 (Murray, 
1970) before the sentinel herd system was established. Since that 
time seroconversion has occurred in some sentinel herds every year, 
not only in the summers of the years when epidemics occurred 1970-1971, 
1972-1974 (St. George et al., 1973; St. George et al., 1977b) and in 
1975-1976 and 1977-1978, but also in the intervening years. In the 
inter-epidemic years seroconversion occurred in the herds in the 
northern quarter of the Australian continent, without clinical signs 
being noticed. Sentinel cattle in the Hunter River Valley in New 
South Wales (Figure i), have also seroconverted in every year since 
1972, in contrast to those in other areas of New South Wales. The 
number of herds in this area was increased from 1974-1978 to confirm 
these findings and the results of the detailed findings of the sentinel 
herd serology in the Hunter Valley correlated with clinical observa- 
tions are being published by Kirkland as a study of the epidemiology 
of ephemeral fever in this particular river system (in press). 
A somewhat similar study with 7 herds along the Flinders River of 
northern Queensland (Figure i) was carried out between 1974 and 1977 
to determine whether ephemeral fever infection occurred there through- 
out the year in an attempt to explain the overwintering mechanism 
(Knott, Paull, St. George and Standfast, unpublished data). However, 
in this instance infection with BEF virus, either clinical or subclin- 
ical, was found to occur only in the summer months. Thus the over- 
wintering mechanism in this area did not appear to be due to the 
continuous infection of susceptible cattle. 
There was one epidemic of bovine ephemeral fever in Papua-New 
Guinea in 1959 CAlbiston, 1966). The disease soon died out as a 
clinical entity. No antibody to BEF virus has been found in sentinel 
herd sera since the first collections of serum in 1970. In this 
instance, the report of the absence of clinical ephemeral fever from 
Papua-New Guinea (St.George et al., 1977b) is supported by serological 
results. In Papua-New Guinea, the herds are thus sentinels for the 
detection of a virus exotic to that country. However, if infection of 
cattle in Papua-New Guinea were of low prevalence, the small number of 
sentinel cattle may not detect infection. Supplementary serological 
surveys (van Kammem, St. George and Cybinski, unpublished data) have 
also not detected antibody to BEF virus. 
46 
The use of cattle as sentinels for the determination of the epidem- 
iology of ephemeral fever has been reported from one other country, 
Kenya. Davies and Walker (1974) reported briefly that subclinical 
infection in sentinel cattle occurred between the epidemics of 1968 
and 1972 in cattle as was found with the Australian sentinel scheme. 
In certain Australian sentinel groups, occasional cattle were noted 
to develop low titres of neutralising antibody to BEF in blood samples 
collected in the routine sampling which occurred by chance 1-8 weeks 
prior to the animals experiencing clinical disease in an epidemic. 
This phenomenon was investigated in the Peachester herd sentinel group 
by daily collections of blood before the first clinical cases occurred 
and then during the epidemic (St. George in press). In 1974 the devel- 
opment of antibody was first detected 4 to 14 days ahead of clinical 
disease in particular animals. In 1976, a more extended daily sampling 
extended this interval 20-60 days ahead of clinical disease in another 
epidemic. 
The principal findings of this sentinel animal study were that 
neutralising antibody appeared at a variable time before clinical 
signs of disease; that subclinical infection with BEF virus could 
occur in some individual cows without any clinical signs of ephemeral 
fever; and that animals which developed antibody in association with 
clinical or subclinical BEF virus infection in one epidemic were 
immune to disease in a subsequent epidemic two years later. The 
development of antibody before disease indicates that the incubation 
period of natural ephemeral fever may be prolonged. Hence the optimal 
time to collect insects to attempt to isolate BEF virus in the epidemic 
situation may be some weeks ahead of a wave of clinical disease. 
An additional point that the general scheme indicated, and that the 
Peachester herd demonstrated more precisely on two occasions, was that 
all the calves which had detectable maternal neutralising antibody to 
BEF in their serum during one epidemic, appeared to be immune to 
infection or disease in that epidemic, but were susceptible in the 
subsequent epidemic. This was noted in the epidemics of 1974, 1976 
and 1978. 
Retrospective studies with newly isolated viruses 
Soon after each new arbovirus suspected of infecting cattle was 
isolated and a serological test developed, a retrospective study was 
made using the stored bank of serum samples. This study had to be 
selective because of the large number of sera held, but a pattern of 
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distribution of the new virus in time and space was built up quite 
rapidly. 
This was particularly demonstrated after the first identification 
of bluetongue virus (serotype 20) in Australia, October 1977 (St. George 
et al., 1978a). The actual insects from which the virus was isolated 
were collected in 1975 at Beatrice Hill. By the use of recently 
stored sera the approximate current distribution of ~ntibody to that 
serotype was known as soon as the first neutralisation test was read, 
some 5 days later. Ultimately, positive sera were found in only 3 of 
the 56 sentinel herds (Beatrice Hill and the two nearest sentinel 
herds). Beatrice Hill was the site where the collection of Culicoides 
which yielded bluetongue virus was made. Seroconversion to bluetongue 
serotype 20 was found in cattle in these herds in the previous years 
as far back as the summer of 1974, but not from there back to 1970, 
the earliest year when sentinel sera were available. The incidence of 
seroconversion was highest in the months bracketing the date that the 
isolation of bluetongue virus from insects was made, and lower in 
successive years in new sentinel groups until 1978, when seroconver- 
sions no longer occurred. Though this information does not solve the 
epidemiological problem of how or when bluetongue virus entered Austra- 
lia, it does demonstrate that the situation is a dynamic one with a 
different prevalence from year to year. This is especially important 
with bluetongue, as cattle are silent carriers of most serotypes of 
bluetongue virus (Howell and Verwoerd, 1971) and the infected area in 
Australia has virtually no sheep which might display clinical signs of 
infection. 
Virus isolation 
The culture of the cell debris from the base of 2090 clots from 
routine submissions of sentinel herd bloods yielded 3 isolates of 
Akabane virus (St. George et al., 1977a), 2 isolates of Peaton virus 
and 12 isolates of D'Aguilar virus (St. George and Dimmock, 1976 and 
St. George, unpublished data). In all instances seroconversion to the 
particular virus occurred in the next serum sample collected from the 
cow from which the virus came. No clinical disease was noticed at the 
time the animal was viraemic. 
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Interaction between studies of arboviruses in cattle and sheep and 
vectors 
The best example of the interaction of the virus in sentinel cattle 
and vector studies has been with Akabane virus and its suspected 
vector the midge, Culicoides brevitarsis. The seroconversion of 
cattle in the general sentinel system to Akabane virus in space and 
time paralleled the distribution of C__u brevitarsis with two exceptions 
(Della-Porta et al. 1976). In two areas, antibody to Akabane was 
detected where C. brevitarsis had not been recorded. One of these was 
a sentinel herd site in the centre of Australia some 800 km south of 
where the midge had previously been found and in a habitat not suspect- 
ed of being suitable. As a consequence of antibody being detected in 
the herd, a special collection was made and the midge was easily found 
(Standfast, unpublished data). In the group of herds in the Flinders 
River basin (Figure i) seroconversion to Akabane virus occurred mostly 
in the winter, the opposite season to that where the population of the 
suspected vector peaks on the east coast of Australia (Cybinski et al. 
1978a). Subsequent monthly collections of C. brevitarsis in the 
inland areas of the Flinders River basin showed a population peak in 
the same season as most seroconversion occurred on the cattle there. 
In the Peachester herd (Figure i) the approximate time seroconver- 
sion of the sentinel heifers to Akabane virus occurred in two success- 
ive years was in late spring. In the third year, a more intensive 
sampling system was instituted at the corresponding time (St. George et 
al., 1978b), which was successful in obtaining 14 strains of Akabane 
virus from the blood of 12 sentinel heifers. As soon as the first 
isolation of virus was made an intensive collection of Culicoides was 
instituted in the vicinity of the cattle. Akabane virus was isolated 
3 times from C. brevitarsis but not from other species of Culicoides. 
This was more evidence that C. brevitarsis is the important vector of 
Akabane virus as was postulated by Della-Porta et al., (1976). 
Akabane virus causes disease of the foetus, though it can infect 
susceptible cattle of all ages. The congenital defects are not appar- 
ent for many months after infection (Inaba et al. 1975), so that 
association of a vector with infection is difficult. Akabane virus 
cannot be detected in the congenitally affected foetuses at birth. 
Kurogi et al. (1976) used a different approach by using pregnant 
animals as sentinels. When seroconversion to Akabane virus occurred, 
the pregnant animals were killed and Akabane virus infection of the 
foetus was confirmed by virus isolation. Della-Porta et al., (1977) 
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similarly used pregnant sheep sentinels in Australia. However, mating 
of these sheep was not allowed until the seroconversion to Akabane 
virus in sentinel cattle indicated that infection was about to progress 
to the area where the sheep were located. 
Zoonoses 
An early use of the sentinel herd sera was to test them for antibody 
to Murray Valley Encephalitis and Ross River viruses (Doherty et al., 
1973). Antibodies to both viruses appeared in the serum of cattle in 
the summer months. These antibodies failed to persist for more than 6 
months in many animals. This limits the usefulness of cattle for 
determining the overall incidence of antibodies to these viruses but 
not their usefulness as sentinels, provided that the inter-sampling 
interval is short. In many areas of Australia cattle are more readily 
available as sentinels than domestic fowls as used in Victoria by 
Campbell and Hore (1975) for the detection of Murray Valley encephal- 
itis virus. 
Future development in Australia 
The present sentinel herd scheme in Australia grew in stages in 
response to the need for information on the epidemiology of specified 
virus infections. It has always been a cooperative effort between the 
research group who coordinated the scheme and tested the blood samples, 
local veterinary or paraveterinary personnel, and the owners of the 
livestock. Though the information derived from a single herd has been 
of little or no use to the individual owner, most owners have taken an 
interest in the nationwide pattern that has emerged as the sera were 
tested with known and new viruses. 
With the mechanisms well established for a sentinel system, it is 
now an appropriate time for reorganization and restructuring. It is 
appropriate that the scheme be completely redesigned and related more 
closely to the distribution of the cattle population so that a better 
coverage is obtained. The basis for selection could be geographical 
or else related to the relative density of the cattle population (St. 
George, 1979). It has been amply demonstrated that high quality blood 
samples can be obtained under very adverse conditions, so there would 
be few areas in Australia where a sentinel group could not be main- 
tained if sufficient interest, money, and manpower, were available. 
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International considerations 
Since arboviruses do not recognize political boundaries, there is 
great scope for international cooperation in the use of sentinel 
systems to study their epidemiology. The close cooperation which has 
been achieved with Papua-New Guinea has enabled us to demonstrate that 
the herds of the two countries share certain arbovirus infections but 
not others. Thus antibodies to bovine ephemeral fever virus, Akabane 
virus, Aino virus and bluetongue virus (serotype 20) do not occur in 
the cattle of Papua-New Guinea or are at a level below detection at 
the present sampling level, in contrast to Australia. However, anti- 
bodies to other arboviruses such as D'Aguilar virus have been found in 
New Guinea (Cybinski and St. George, unpublished data). The major 
vector of Akabane, Aino and D'Aguilar viruses, C. brevitarsis occurs 
in both countries (Murray, 1975) and therefore the reason for the 
differences in serological results though presently unknown, cannot be 
attributed to the absence of a suitable vector. 
On other continents, Europe, Asia, Africa and the Americas, the 
case for cooperation in the establishment of a sentinel herd system is 
even stronger. Since the testing of sera does not have to be carried 
out in a single location, the burden of testing could be shared, as 
sera can be rendered safe for international movement. Any scheme for 
the active isolation of viruses could not be shared as easily. 
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Summary 
Some history of the progressive establishment of a system of sentinel cattle in herds 
situated in Australia and Papua New Guinea since 1969 is given. The aims of this 
scheme were limited to research objectives, but the aim of a sentinel herd scheme or 
national serum bank can be wider and monitor for many infections endemic or exotic 
to a country. Various designs of sampling can be adopted in the choice ofherds, animal 
group sample numbers_ and frequency of sampling, but the sentinel animals and 
preferably their mothers, should have been born in the area where they are bled. 
Repeat sampling of the same panel of animals is more efficient. but random sampling is 
a viable technique. The method and temperature of storage of serum samples is a 
compromise between the objectives for the serum bank and available resources. the 
lowest temperatures of stor?ge being the mo'it costly, but slowing deterioration. 
Automatic data processing systems are an advantage to allow optimal use of the vast 
amount of data which can be acquired from the serum. A viable system requires a 
manager who ensures a free and continuous flow of data to and from the collector of 
the serum and collates data for publication. The manager of the sentinel herd scheme 
and serum bank should be a scientist with established interests in epidemiology and the 
financial and manpower resources to manage the scheme within the objectives of the 
scheme. The principles used in the Australian and Papua New Guinea sentinel cattle 
scheme can be applied to various species of domestic animal. The scheme has been 
concerned with the detection of the time of arrival of antibodies to various viruses of 
cattle. However, the methods used could be easily adapted to the assay of antibodies to 
bacterial infections, cold agglutinins, minerals, enzymes or radioactivity. 
Introduction 
The establishment of a system of sentinel herds of cattle was initiated in Australia 
and Papua I -lew Guin.-:a in I J69. The f.rs.t gn. u!Jofberds was in tht :..1orti1 of Aust ·alia, 
but herds were added as the scheme expanded, eventually to cover most of the major 
cattle raising areas in Australia. In 1970 three herds in Papua New Guinea were added. 
The herds are asymetrically distributed in geographical terms, as vast areas of 
Australia are deserts, virtually free of livestock, and other large areas of land are 
suitable only for sheep farming and have very few cattle. 
The herds were selected initially to provide information on the epidemiology of 
particular viruses infecting cattle, namely bovine viral diarrhoea virus, infectious 
bovine rhinotracheitis virus and ephemeral fever virus. rather than for an objective 
disease monitoring scheme. The 'numbers of herds involved changed for various 
rrasons from time to time but the general tendency was to add herds. Thus the number 
of herds involved rose from ten in the first year to fifty-six at the peak in 1978. Some 
he�ds dropped out for various reasons. 
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At all times the scheme was operated as a co-oper3tive enterprise b�t\\c;en the 
Commonwealth Scientific and Industrial Research Organization. and the veterinary 
and para veterinary officers employed by the States of Australia or Papua New Guinea. 
and also in a few instances, with self-employed veterinarians. Access to herds was 
provided by private owners but in many instances herds on research stations were used. 
A review of the results of the sentinel scheme has been prepared for Veterinary 
Science Communications. This presentation will be concerned with the technology of a 
national sentinel herd scheme or a national serum bank. The term herd is intended to 
cover the flocks or any other collective noun covering other species. Equally, where the 
term cattle or cow is used the equivalent term applying to individual domestic animals 
of other species could be substituted. 
Though this sentinel herd scheme was concerned with the estimation of antibody to 
viruses a small adaptation could be made to allow for the estimation of antibodies to 
bacteria, or of cold agglutinins, minerals, serum enzymes or radioactivity. 
Selection of aims of a sentinel system 
It is vital to decide what the aim of establishing a particular sentinel system is to be 
before any other action. The aim affects design, the species selected, the frequency and 
nature of the sampling, the tests to be done and the subsequent disposal or storage of 
the samples. A sentinel system can be a passive one, if only clinical observation or 
serology is involved, or an active scheme if the object is to isolate infectious agents. 
In other terms, a sentinel scheme can be used to detect clinical or subclinical 
infections with micro-organisms known to be already in a particular ccuntry; or by the 
use of imported antigens to search for antibody evidence thatcorre!>�onding infections 
occur within the country perhaps in subclinical form. It can also be used to search for 
actual infectious agents. 
The scheme can have narrow objectives to seek information for a defined set of 
agents, e.g. bovine ephemeral fe\o·er virus, or it can be broadly based so that at least 
some information can be obtained on any infectious disease, for which a suitable 
serological test exists. 
Design 
The design of a sentinel herd system or a national serum bank has to be a 
compromise between the ideal scheme to achieve the aims, and the practical resources 
available for collection, transport, testing and storage. Within the limits of the total 
sample size decided upon, the herds can be apportioned by relative density of the 
species to be sampled, or by geographical regions or by pre-existing statistical or 
political boundao·ies \Roost�r• anJ Baker, ��57) or a 1nixture .:.f lhese. Poli:ical 
boundaries are the ultimate limit as sentinel schemes are within a state or nation, or in 
the Australia-Papua New Guinea scheme a group of two nations. 
Geographical spacing 
Any systematic allocation of the sampling points will give useful information. The 
greater the number of sampling points the more likely the derived information will 
reflect the true situation within the livestock population being sampled. 
S<'mple size 
The number of animals to be sampled per herd is quite arbitrary. The lower limit is 
two-per herd (Robson, 1 959; Kahrs et al., 1964; St George, 1971). This lower limit of 
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two is very economical in terms of testing. but is very frustr;lting for the coll�:ctor n.� he 
feds he can easily collect more. The upper limit is the whole herd. The practical sample 
size lies in the range of ten to twenty animals per herd. which number will prtJ\ide 
effective surveillance for all infections except those which are an infrequent event. For 
the infe�tions of low frequency, it will at least provide thl! inform3tion thJ.t they a:e of 
low prevalence or incidence and whether they continue to be so. 
Frequency of sampling 
Various sampling frequencic=s have been tried in the Australian scheme. A three· 
month interval was tried initially, but this did not allow for useful correlation with 
clinical observations or climatic events. For arbovirus infections. a monthly ioten·al 
was maximal to allow correlation with the presence or absence of a particular species of 
insect. For a general serological surveillance, a monthly interval allows for some 
correlation with other observations. In a limited group of herds where the culture of 
blood for arboviruses was attempted. the interval was shortened to weekly and. in one 
particular herd for a limited period, to daily sampling to correlate the isolation of 
Akabane virus from cows and Culicoides brevitarsis (St George et a/., 1978). The 
adoption of a monthly interval as a normal sampling interval does not preclude the 
shortening of this time for certain herds for limited periods, for instance if an exotic 
disease enters the sampling area. The accumulation of data from a once a month 
sampling will highlight herds where more frequent sampling could be useful for the 
study of particular inf!Ctions as was done with Aka bane virus infection (St George e1 
a/., 1 978). 
Selection of animals 
The most important qualification is that the animal was born on or near the 
location where it is sampled. and remain there. If its mother was also born there. any 
maternal antibody transferred to the offspring will also be normal for the area. If the 
disease acquisition is age related, animals are retained for several years. but a new 
group is added each year. This was the original method used in the Australian scheme. 
However, when the focus of interest was altered to arbovirus infection a new panel of 
sentinels replaced the old pan�! as a bloc each year with one blood sampling being 
collectl!d on a common date to provide continuity. The age of entry to and exit from a 
sampling panel is an arbitrary decision but a sentinel which has acquired antibody to 
one infection may continue to be useful as a sentinel for other infections. An alternative 
system, which has worked wl!ll in dairy herds with a year round calving program. was 
to add a young calf to the panel to be sampled and to drop off the oldest member. This 
allows for a constant panel size and fits the routine of many dairy herds in Australia. It 
would fit a feedlot situation, also. 
Repeated bleeding of the same animals or random sampling 
The normal procedure in bleeding sentinel animals is to identify particular 
individuals with some permanent marking and bleed these same individuals on each 
occasion. Between sampling times the animals should be depastured with the m:1in 
herd, if possible. Under the extensive range conditions in parts of Au�tralia this was not 
always practicable. An alternative system would be to bleed a given r.umber of animals 
from a particular age range, but selecting the individuals to be bled on a random basis 
each time. The disadvantage of this system is that the virtual certainty that infection 
has occurred that the seroconversion of even a single individual provides. is replaced by 
a calculated statistical probability. However, in certain situations where it is impossible 
or impractical to sample the same animals repeatedly. the technique is ust:ful . A 
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method of sdcction of the sampk group �hould be established and used on each 
occasion. A less accurate method is to sample a ditfcn:nt herd each time \Vithin certain 
geographical limits. 
Methods of bleeding 
The actual technique used depends on practicaliti�s. but the objective is to obtain a 
blood sample with minimal bacterial contaminarion. and free ofhaemolysis. In general 
terms, a larger blood sample (20 ml or more) provides better quality serum. Whether 
syringes. evacuated tubes or other bleeding devices are used they must be sterile before 
use and all bottles, centrifuge tubes and pipettes in which the blood or serum is 
subsequently manipulated should be sterile prior to use, and cross<ontamination 
between samples be avoided at all stages. 
The separation of the clot from the serum is facilitated by the use of glass containers 
or of plastic treated to allow the clot to detach. Where ambient temperatures are high� 
the blood sample should be refrigerated soon after the clot has begun to contmct to 
limit deterioration. The blood sample should be forwarded to the laboratory under 
cool conditions as close to 4 "'C as practicable. The freezing of serum containing 
erythrocytes is to be avoided. 
If virus isolation is to be attempted, a separate blood sample can be collected into 
an anticoagulant. The clot itself may be cultured. This technique has yielded 
approximately 0.8 per cent of arbovirus isolates in one series of approximately 2090 
routinely submitted sentinel blood samples collected during summer (St George. 
unpublished data). 
Storage of serum 
Serum is separated from clot and associated cells by decanting and subsequent 
centrifugation. Subsequent heating (56�C for 30 minutes) assists the destruction of 
contaminating bacteria, but this is undesirable for some complement fixation tests 
though not for neutralisation tests. 
A certain amount of testing i� usually carried out as sentinel sl!ra are submitted to 
the laboratory. Much of the value of acquiring the serum is for retrospective assay of 
antibodies, therefore a choice of method of storage has soon to be made. For a short 
term storage, weeks to months, storage in liquid form at 4 cc appears satisfactory. This 
can be done where the object is merely to keep a panel of sera which represent the 
population and this panel is added to and discarded from after a given interval. An 
experiment was carried out on the effects of storage of serum at various temperatures 
on the til res 0f a ne'llr1.lisinr antibod" to bovine virus d;i'rrhoea viru�. and 
haemagglutination inhibiting antibody to para-influenza 3 virus. The titre was not 
affected by three month's storage at - 100°C, -20"C, 4"'C, JrC and ambient shade 
temperature (20-30<-C) in a Brisbane summer. though the electrophoretic pattern of 
the serum proteins was distorted within one to four weeks at the temperatures about 
4'·C (St George, Curtain and Davey, unpublished data). The disadvantages of storing 
sera at 4 oc are discussed by Lennette and Schmidt ( 1964). 
For longer term storage the serum can be frozen and held at -20°C or at a point 
between -20 and -50"'C by mechanical freezers, or in the vapour phase ( - l00°C) or 
liquid phase of liquid nitrogen (- 196°C). Freezing and thawing of serum may 
adversely affect it for complement fixation tests. Storage at -20'"'C may not prevent 
some deterioration of serum. for instance, for use in haemagglutination inhibition tests 
f?r alpha viruses. 
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The expense of storage space inc;-ea::;es as the tem�rature at which the sera are 
stored is lowered. It is a function of local economics to determine at what point 
mechanical refrigeration is abandoned for liquid nitrogen storage. 
There is a wide choice of storage ve!>sels. Glass bottles with metal caps, stoppered 
glass tubes, snap top plastic vials, glass ampoules or strav.s. Again, purpose and 
economics influence the choice. but the individual storage vessel must not allow 
evaporation or sublimation to occur at the temperature of storage. Screw top vessels 
and soft glass ampoules cannot be used for liquid nitrogen storage because of the risk 
of breakage or the entry of nitrogen. Sera can also be stored economically in microtitre 
plates sealed with tape. Each serum sample can be easily extracted without affecting 
the others or else whole sets can be prepared ready for use in microtitre plates either 
frozen at -2occ or as liquid at 4 oc. At 4 ''C, liquid storage as sets in plates has been 
found satisfactory for at least two months by Cybinski (unpublished data). Another 
alternative is to store serum in filter paper discs in sealed containers. 
A major alternative method to freezing is lyophilisation. The initial preparation 
cost is high. but storage is then cheap. Some doubt has been expressed (G�ering. 
personal communication) as to the efficiency of this method compared with freezing. 
and objective tests are being carried out. Theiler and Downs (1973) found storage of 
immune sera lyophilized and stored at -20°C comparable in titre. 
Whichever method is chosen, it is preferable to store each scntm sample in aliquots. 
This avoids repeated freezing and thawing of a particular sample. It  also reduces the 
problem of extracting particular serum samples for despatch to a laboratory for tests 
not available at the point of st')rage. 
An illustration of a serum filing system is g-iven by Lennette and Schmidt (19�)­
With the further development of micro·techniques, smaller volumes are required than 
as illustrated but the principle of ready accessibility of all samples in a sequential filing 
system should be preserved. 
Recording system 
Any degree of sophistication is possible, from hand written records and markings 
on containers to preprinted labels with matching cards for comph::te computer storage 
and access. In any system, the individual serum sampk should receive a unique 
sequential number as it is added to the system. If a handwritten method is used, some 
redundant identification should be on the storage container. for example the bleeding 
date or origin of the serum as a check against error. 
In a serial sentinel system, th� information with the sample is in two parts fixed and 
variable. The fixed information is the name and location of the herd. the animal 
numLer, the s.!x, b:eed dnd date of birth of the animal. The variable mformation is the 
date of bleeding (from which the age of the animal at the sampling date can be deri\·ed) 
and any supplementary observations on history or health. These observations should 
arrive with the serum sample. Economics of record can be effected in a sentinel system. 
as opposed to a serum bank composed of animals bled once where all the information 
is unique to each sample. 
If a computer terminal is available, the information applying to each serum sample 
can be entered directly into a storage system using cards, tape or disc or else via a 
written record entered into the compur�r at a later date. If a computer system is used, 
the controlling program must allow for retrieval of data using any of the categories of 
datll recorded and for correlation with test results entered separately but keyed with 
the unique serum number. If the record is in a time shared computer system a security 
lock should be included. As newly available antigens become available, these are 
usuaOy applied to a subsample of the serum bank, so provision should be made to 
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produce a parel of serum numbers meeting certain criteria perhaps of age, se.'t, time 
limits of bleeding or geographical origin. 
Use and Dissemination of Results 
Real time epidemiology. If continuous testing is available and bleeding is frequent. 
the movemenrs of a particular infection can be followed with only the delay of the time 
between the bleeding of the animal and the test being completed. Either serology or the 
direct isolation of viruses may be used. This facet of real time epidemiology is yet to be 
efficiently exploited in Australia. 
Retrospective epidemiology. This is more often used. as the range of antigens 
available for use in serological tests increases as new agents are isolated or obtained 
from other countries. Time available for collation and correlation of data is a limiting 
factor as with miniaturisation and mechanisation of tests it is easier to acquire data 
than to apply it. The serum bank becomes more valuable with time as a record of the 
past behaviour of infectious agents. which is a guide to understanding present 
behaviour. 
Dissemination of results 
The least satisfactory way is publication in scientific journals either as scientific 
articles (St Geo�ge et at .• 1977) or in semiscientific form (Anon .• 1977; Anon., 1978). 
The delay is considerable, possibly one to two years. A more rapid method is to issue 
periodic summaries to the co-operators and interested persons ar<d disease control 
authorities. This method returns information �o the person who provict�s his time to 
produce the blood sample and maintains the sentim:l system, but is still not an ideal 
system. 
Management 
This topic is the most important though dealt with last. Any serum bank is useful 
only with active management. The management should be the responsibility of a single 
person. at any one time. He should have a scientific interest in the scheme. He must be 
provided with aims, parameters and with a budget to cover acquisition, processing and 
storage of serum, storage space, and means of dissemination of results. A policy must 
be established for disposal of serum samples unless an indefinite expansion cf Ole 
storage system is envisaged. Liaison with the people who provide the animals for 
bleeding. and who collect the blood samples, is essential to maintain interest and thus 
the quality of the sample and accompanying data in spite of staff changes and changes 
of sentin.:l he:-ds wit!1 '.irr e. Th� scheme r·t•st be dynamic as herrls which drop out for 
any reason or which have to be discarded as unsatisfactory need to be replaced. 
Personal contact must play a part in the liaison. This is difficult in a big country like 
Australia even on an annual basis, but should be aimed at. !t keeps a sentinel scheme 
alive. 
The Australia-Papua New Guinea sectinel herd scheme. though it has been useful 
as a research tool. has never been exploited to its full potential in epidemiology. A truly 
national serum bank should be established as an epidemiological tool, but the scientific 
and administrative facets of the scheme must not be separated. 
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ARBOVI RUS I NF ECTIONS O F  SENT I NEL CATTLE 
IN AUSTRAL IA  AND NEW GU I NEA 
BY 
R .L. DOHERTY, T .D. ST .GEORGE and . J  .G. CARLEY 
This paper was written by me to descri be the pattern of anti body 
development and distri bution of various arbovi ruses of human and 
veterinary i nterest . The sentinel catt l e  sera , and other survey sera 
col l ected by fir .  St .George were used in these tests . The serol ogy with 
ephemeral fever virus in  a ti ssue culture system was carried out by 
Mr . St .George . Mr . St .George contributed substanti a l ly to the p lann i n g  
and i nterpretation o f  the study and in  frami ng the final  publ i cation . 
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ARBOVIRUS INFECTIONS OF SENTINEL CA"LE IN 
AUSTRALIA AND NEW GUINEA 
R. L. DOHERTY*, M.D., M.P.H., F.R.A.C.P., F.R.C.P.A., 
T. D. ST. GEORGE?, M.V.Sc. and J. G. CARLEY*, B.A., PH.D. 
I I l b o d U C t i ~  
Thirty viruses tentatively viewed as arboviruses 
have been isolated from arthropods or vertebrates 
in Australia, and inhibitors suspected to be anti- 
body have been found in cattle to at least 20 of 
them (Doherty 1972). Several arboviruses have 
been shown to multiply and cause lesions in ex- 
perimentally-inoculated cattle (Spradbrow 1972) 
but only one, bovine ephemeral fever virus, has 
so far been shown to cause disease in the field. 
The establishment by CSIRO Division of Animal 
Health and various Departments of Agriculture of 
a chain of sentinel herds of cattle from which 
serum samples were collected at regular intervals 
(Anon 197 1 ) offered possibilities of monitoring 
arbovirus infection over a wide area of Australia 
and New Guinea. The present paper describes 
serological tests for evidence of infection by arbo- 
viruses of groups A, B, Simbu and Palyam, and 
by bovine ephemeral fever virus. 
Materials and Methods 
Herds were selected throughout the northern 
part of Australia and New Guinea, distributed 
unevenly through the cattle population (Figure 1).  
Selection was largely by the co-operating State 
authority. In general herds were on farms where 
animals could be mustered regularly, where there 
was a trained person available to bleed the animals 
and where blood samples could be rapidly de- 
spatched to Brisbane. About half the herds are on 
government research stations. 
Approximately 20 calves were bled in each 
herd on at least one occasion. In several herds 
samples were taken about four times, commencing 
at a few weeks of age and continuing until 
maturity. At some centres this first group was 
supplemented from the calf drop in subsequent 
years. Only part of the very large amount of 
material collected was included in this study. 
In most instances whole blood was forwarded 
on ice to the laboratory where serum was separated 
and stored at -25°C until it was tested. Occasion- 
ally the serum was separated at the testing site 
and frozen until it could be forwarded. 
'Queensland Institute of Medical Research, Herston Road, 
Brisbane, Queensland, 409i 
tCSlRO Division of Ammal Health, Long Pocket Laboratories, 
lndooroopilly, Queensland, 4068 
Haemagglutination-inhibition and neutralisation 
tests in mice were performed as described previ- 
ously (Doherty et a1 1972a). Neutralisation tests 
against ephemeral fever virus in BHK21 cell cul- 
tures were carried out according to the method 
of Snowdon (1970). Plaque reduction tests fol- 
lowed the technique of Westaway (1966) but 
used an undescribed cell line (PS-EK) (Gorman, 
Leer and Goss, personal communication). 
Results 
Nine hundred and twenty-seven serum samples 
were received from cattle bled on one or more 
occasions in the period December 1969 to Sep- 
tember 1972 at 19 centres in Australia, three in 
New Guinea, and Norfolk Island (Figure 1 ) . Re- 
presentative results of neutralisation tests to bovine 
ephemeral fever, Samford, Akabane, DAguilar, 
Ross River and Murray Valley encephalitis 
viruses, and of haemagglutination-inhibition tests 
to Sindbis, Ross River, Murray Valley encepha- 




Figure 1 .  The location of the sentlnel herds ,of cattle are shown 
on the map In relation to the routhern limit (Murray 1970) of 
the 1967-1068 ephemeral fever eplzootic. 
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TABLE 1 
Bovine Ephemeral Fever Virus" 
in several herds (Tables 2 and 4). Ninety samples 
reactive by haemagglutination-inhibition test were 
tested against the same five viruses by mouse 
neutralisation test, with results which confirmed 
Neutralisation Test reactions to Kokobera virus at Beatrice Hills, to 
Test in Cell Equivocal l'otal Murray Valley encephalitis or Alfuy viruses at 
Burketown and to Edge Hill virus at Lowmead, (BHK21) Culture Positive or 
Burketown and possibly Ravenshoe. Haemagglu- 
tination-inhibition and neutralisation reactions Positive 125 63 188 
Trace or negative 5 44 1 446 correlated less well in some other herds: 
Total 130 504 634 for example only five of 13 samples reactive 
'Number of serum samples giving each pattern of response. by haemagglutination-inhibition test at Wood- 
stock in April 1971 neutralised Alfuy virus 
to low titre, while earlier serums from the 
titre neutralisation. to Kunjin virus. Herds at 
Griffth, Julia Creek and high 
proportions of reactors by neutralisation test 
(Table 2) but few reactions by haemagglutina- 
tion-inhibition (Table 4). 
Sixty-five serums, 58 reactive to group B 
viruses by haemagglutination-inhibition or mouse 
neutralisation tests, were tested against several 
group B v h ~ e s  by Plaque ~ d u c t i ~ n  test* 
inhibited Murray Valley encephalitis, Kunjin, Al- 
fuY Or Edge Hill viruses with five (from 
Burketown or Julia Creek) reacting only with 
Murray Valley encephalitis virus and seven (from 
Burketown, CloncUrrY Or Only with 
Edge Hill virus. 
No antibody to any virus was found in 20 
samples from Norfolk Island. 
Seasonal Occurrence of Seroconver,yion 
Comparison of Techniques for Neutralisation Tests to 
Mouse Neutralisation 
Negative 
viruses, are given Tables 2, 3 and 4. Details Same herd, with little haemag&thati0n-in- 
(place, date and age Of )Of 39 Of the hibition, showed a similar proportion with low total 56 serum collections are also given in Tables 
2, 3 and 4. Such details and results of serological 
tests for the remaining 17 collections have not 
been tabulated but are summarised in the text. A 
complete list of samples collected and results ob- 
tained will be provided on request to the authors. 
Sensitivity of Techniques for Neutralisation Tests 
to Ephemeral Fever Virus 
Six hundred and thirty-four serums were tested 
for neutralising antibody to bovine ephemeral 
fever virus in infant mice at Queensland Institute 
of Medical Research and in tube cultures of the 
B H K ~ ~  hamster kidney cell at CSIRO L~~~ 
Pocket Laboratories. The cell culture system de- 
tected more reactors (Table 1 ) . 
Geographical Distribution 
virus was detected in almost all herds from AUS- 
Neutralising antibody to bovine ephemeral 
tralia but was not found in New Guinea. Antibody 
and to the Palyam group virus DAguilar had 
similar distributions in (with no evidence 
of infection at Griffith, New South Wales); in 
to Samford or Akabane viruses in 160 sera tested. 
Haemagglutination-inhibiting antibody to ROSS 
tested ((heensland 64/ 457, New South Wales 
3/519  Northern Territory 22/839 Western 
tralia 1/56, New Guinea 4/156); neutralisation 
tests on a limited number Of Samples indicated 
that some cattle reacted by neutralisation test but 
not by haemagglutination-inhibition test. 
Neutralisation tests to Murray Valley encepha- 
litis virus and haemagglutination-inhibition tests 
to it and four other group B arboviruses (Kunjin, 
Alfuy, Kokobera and Edge Hill) detected reactors 
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Tests on serial samples from known animals 
animals converted from seronegative to sero- 
positive to bovine ephemeral fever virus (pre- 
sumably indicating infection) at Beatrice Hill in 
May 1971, and at Juli. Creek in September 1970- 
J U ~ Y  197 1. The results are compatible with occur- 
although the spacing of samples does not exclude 
occurrence of some infections outside that time. 
Evidence was found of multiple virus infections in 
several herds: for example the Burketown herd 
was apparently infected with DAguilar virus be- 
fore February 1971, with bovine ephemeral fever, 
Ross River and Murray Valley encephalitis (or a 
related agent) viruses between February and May 
1971, and with Samford virus after May 1971 
(Tables 3 and 4). 
to the Simbu group viruses 'amford and Akabane allowed the t h e  of infection to be estimated. Thus 
New Guinea antibody to DAflilar virus was fie- 
quent (105/160) but no reactions were found October 1970-April 1971, at Lowmead in Novem- ber 197()March 1971 at Burketown in February- 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 8  2.3 
Duration of Antibody 
Animals in several herds were bled repeatedly 
from soon after birth, and the occurrence and dis- 
appearance of maternal antibody was noted (Table 
3). A more unexpected finding was that antibody 
developed later in life, presumably in response to 
active infection, was also often relatively short 
lived. Thus antibody observed to develop (by 
mouse neutralisation test) to bovine ephemeral 
fever virus was found to be undetectable six 
months later in 16 of 41 cases, and similar find- 
ings were made for Samford (8 of 31 ), Akabane 
(6 of 23) and DAguilar (21 of 46) viruses. The 
disparity between haemagglutination-inhibition 
and neutralisation tests to group A and group B 
arboviruses, described above, also suggests that 
haemagglutination-inhibiting antibody to those 
groups is short-lived. 
Mrcu&m 
Epidemiological research on arboviruses in 
Australia has made extensive use of sentinel ani- 
mals, especially chickens (Doherty et a1 1970) 
and children (Doherty et crl 1966). The present 
study suggests that cattle can also be of use in 
detecting arbovirus infection, especially by those 
viruses (bovine ephemeral fever, Samford, Aka- 
bane and DAguilar) for which cattle provide the 
major host. Thus animals were shown to develop 
antibody to each of these four viruses, and to Ross 
River virus and to Murray Valley encephalitis 
virus and other members of Group B. The value 
of sentinel cattle may to some extent be limited by 
the irregular duration of antibody, in which respect 
this study confirms previous findings by Sanderson 
(1969). It is clear that the results of a single sur- 
vey cannot be taken to indicate the life-time experi- 
ence of any particular herd. This reservation seems 
particularly relevant to haemagglutination-inhibit- 
ing antibodies to group B viruses. 
Several findings in this study warrant discussion. 
The results presented in Table 2 suggest that mice 
provide a less sensitive neutralisation test for bo- 
vine ephemeral fever than a cell culture system, al- 
though no significant difference was found in a 
previous smaller series (Snowdon 1970). The de- 
tection of antibody to DAguilar virus but not to 
Samford or Akabane viruses in New Guinea may 
be considered along with the suggestion (Doherty 
1972) that these three viruses reached Australia 
relatively recently with cattle-Culicoides imports 
from Africa or Asia. It seems reasonable to 
speculate that only one of the three viruses suc- 
ceeded in reaching New Guinea in later, perhaps 
more sanitary, cattle shipments. Further surveys 
in New Guinea are needed to confirm this possi- 
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bility. The absence of antibody to these three 
viruses at Griffith is in keeping with the known 
geographical distribution (Lee et al 1962) of 
their vector Culicoides brevitarsis and, in the 
presence of ephemeral fever virus antibodies, adds 
evidence against that midge being the vector of 
bovine ephemeral fever. 
The detection of group B antibody reacting to 
Murray Valley encephalitis virus in cattle at 
Burketown, Normanton and Griffith can be re- 
lated to the dissemination of Murray Valley en- 
cephalitis virus in south-east Australia in early 
1971, which was indicated by cases in man and 
antibody in domestic fowls (Doherty et a1 1972b). 
Summary 
Serological tests on 927 serums collected in 
1969-1972 from 23 sentinel herds of cattle in 
Australia, New Guinea and Norfolk Island gave 
evidence of widespread infection with bovine 
ephemeral fever, Samford, Akabane, DAguilar 
and Ross River viruses and more localised infec- 
tion with Murray Valley encephalitis, Kokobera 
and Edge Hill viruses. Timing of seroconversions 
suggested that most infections occurred in sum- 
mer and autumn. The absence of bovine antibody 
to Samford and Akabane viruses in New Guinea 
has relevance to the suggestion that they were 
relatively recently introduced to Australia. Both 
neutralising antibody to ephemeral fever virus and 
group A and B arboviruses and haemagglutination- 
inhibiting antibody to group A and B arboviruses 
in sentinel cattle appeared to persist for less than 
six months in many animals, a finding which will 
limit the usefulness of cattle as sentinel indicators 
of arbovirus infection. 
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THE I SOLAT I O N  OF A ROSS R I VER  V I RUS FROH A HORSE 
BY 
R . R . R .  PASCOE, T . O .  ST .GEORGE and O.H. CYBINSKI 
Ross R i ver v i r u s  was i sol ated by M r .  St .f.eorge from blood s ampl es 
submitted by me for sero l o g i c a l  exami nation . t�i s s  Cyb i n s k i  i dent i f i ed 
the v i r u s  a n d  c a r r i ed out the serology. 
. . . . . .  1:/!�f.�'!. . . . . . . . . .  . 
Dat e :  · · · ·�· · · · · · ·  ·t<.R .R . Pascoe (Autho r )  
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. . . .  !.0:.'. 9. : .h . . . . . . . . . .  . .Lf. !.!. /' -� . . . . . . . . . . .  d, . . . . . . . . . . . . . . . . . . . .  . 
Date: D.H. Cybinski (Co-Author) 
THE ISOLATION OF A ROSS RIVER VIRUS FROM A HORSE 
During 1977 foaling season, a group of 5 Arabian mares 
foaled between August and December. Four of the foals 
developed one or more contracted tendons from 4-6 weeks 
post-partum. Forced extension by means of acrylic wedges cor- 
rected the condition over a period of several months in 3 of the 
foals, the fourth still exhibits a deformity shown as a con- 
tracted hoof with a very straight wall. The possiblity of an 
arbovirus being implicated was considered. 
Blood samples were collected from 4 of the mares and their 
affected foals on 27 April and from 3 of the mares and their 
foals again on 12 June 1978. 
A cytopathogenic agent was isolated from the blood col- 
lected on 27 April from one of the mares in baby hamster 
kidney (BHK2I) tissue cultures by the method described by St 
George er al(1977). The agent was able to pass a 220 nm mem- 
brane filter* wi thout  loss of titre, but its titre was reduced by, 
passage through a 100 nm filter. 
The agent killed or paralysed one-day-old suckling mice 4 
days after the intracranial injection of tissue culture fluid con- 
taining it. This interval reduced to 3 days after 3 further 
passages. After the intraperitoneal injection of the agent, 
suckling mice were paralysed in 5 days. A haemagglutinin 
prepared from mouse blood infected by the agent by the 
method of Clarke and Casals (1958). and modified by Doherty 
era/(1971), agglutinated gander erythrocytes at a pH of 6.2. 
The agent was identified as a strain of Ross River virus in a 
microtitre test using Vero cells. The serological method was 
essentially that described for Akabane virus by Cybinski e t a /  
(1978), with the substitution of the T48 strain of Ross River 
virus (Doherty et a /  1963) and an antiserum to i t  produced in a 
rabbit for the corresponding akabane virus reagents. 
The healthy 8-year-old mare, from which the Ross River 
virus was isolated, did not have any neurtralising antibodies in 
its serum to either the homologous or the T48 strains of virus 
on 27 April 1978. However, seruni collected from the same 
mare on I2 June 1978 had neutralising antibodies with titres of 
‘Millipore C‘orporalion. United Slates 01 America 
64 and 24, respectively, to  both virus strains. One of the other 2 
mares bled on both dates had a static titre (approximately 8) 
and the other was negative. None of the foals had antibodies to 
either strain of Ross River virus. 
The evidence indicates that infection of an adult horse with 
Ross River virus was subclinical in this instance, and that the 
condition of contracted tendons in the Arabian foals was not 
related to infection with Ross River virus. 
Ross River virus was established as  a cause of polyarthritis in 
man by Doherty et a/  (I97 I ) .  Card e f  a1 (1977) have suggested 
that Ross River virus was associated with muscle stiffness and 
joint swelling in a horse on the basis of reduction of a high titre 
of antibody by treatment of the serum with 2 mercapto- 
ethanol, which is a method for indicating recent infection. 
However, Ross River virus has not yet been established as a 
cause of disease in horses. 
We wish to acknowledge the technical assistance of Miss P. 
M .  Williams and Miss S. M. Moore. 
R. R .  R. PASCOE, 
Oakey, Queensland 4401 
T .  D. ST GEORGE, 
D. H .  CYBINSKI, 
CSIRO, Division of Animal Health, 
Private Bag No. 3 ,  P.O.  
Indooroopilly, Queensland 4068 
I0 October 1970 
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THE I SOLAT I O N  O F  AKABANE V I RUS F ROM A NORMAL BUll 
BY 
T.O.  ST. GEORGE, 0. CYBINSKI and N . I .  PAULL 
The i solation of Akab· :ane virus from a normal bul l  by Mr St .George 
marked a change in pol i cy the cooperati ve senti nel herd study which was 
i n i t i ated only to provide serol ogical i nformation. The bl oods were 
cul tured for vi ruses from the l atter part of the three year field 
experiment . The sentinel herd col l ections i n  the Fl i nders River basi n  
were organi zed by Mr  Paul l .  Mr. St. George i sol ated the Akabane v i rus 
and I carried out the neutral i sation test s .  Mr. St . George wrote the 
paper . 
. . . < � .tl. . . . r!!f!. { J.�.Y. . .  
Date: 
. .. d.tt .�s: .. . . . . .  . 
O.H. C'ybi nski (Co-Author ) 
I agree with the statement made by Mi ss Cybi nsk i .  
. . . . . . . . . . .  -!.tf.;? ; .�'f . . . . .  . 
Date : 
Addit ion a 1 Comments : 
�. i .f?-1��V..· . . . . .  . 
N . I .  Pau l l  (Co-Author ) 
THE ISOLATION OF AKABANE VIRUS FROM A NORMAL BULL 
Akabane virus has been isolated 3 times in AUS- 
tralia from a biting midge, Culicoides brevifarsis 
(Doherty e f  a1 1972; Standfast unpublished data). In 
Japan, Kurogi et a1 (1976) isolated Akabane virus from 
an aborted bovine foetus, and, also from a foetus re- 
moved from a naturally infected sentinel cow. We are 
reporting the isolation of Akabane virus from the 
blood of a young bull in Australia. 
In a sentinel herd scheme (St George et a1 1977) 
cattle are bled at 1 or 3 monthly intervals, in many 
areas of Australia. By this means a continuous survey 
is made of the development of neutralising antibodies 
to Akabane virus as well as to other viruses. 
The blood samples, collected in August 1976 from 
those herds which had shown serological evidence of 
Akabane virus activity a t  a corresponding time in 
previous years (St George unpublished data), were 
cultured for virus. The blood samples were received, 
on ice, with the serum and clot in the one bottle. 
Approximately 0.25 ml of the serum from the base 
of the clot, which contained large numbers of blood 
cells, was inoculated into 2 tubes of baby hamster 
kidney cell tissue culture monolayers, in a similar 
manner to that described by St George and Dimmock 
(1976) .  The medium in the tissue culture tubes was 
changed the day following inoculation. 
From 1 of 12 blood samples collected from a herd 
located 100 km north of Julia Creek, on 26 August 
1976, a cytopathogenic agent was isolated on primary 
culture after 4 days incubation. The agent passed a 
450 mp filter* without loss of titre and a 220 mp filter 
with a ten-fold loss of titre. This agent was identified 
as Akabane virus by being neutralised by a rabbit 
antiserum prepared with a known strain of Akabane 
virus (Doherty et a1 1972). 
The 6-month-old bull from which Akabane virus was 
isolated, did not have serum neutralising antibody on 
26 August to either its homologous strain of Akabane 
virus or to the known strain. However, there was a 
neutralising antibody titre of approximately 20 to 1 0 0  
* Millipore Corporation, United States of America 
tissue culture infective doses of each strain of virus in 
the serum sample collected 1 month later. No other 
member of the sentinel group of 12 cattle developed 
Akabane antibody during this interval. Thus, there is 
no doubt that infection with Akabane virus did occur 
in this bull though it was healthy at  the time the 
samples were taken. 
The blood samples were collected under field condi- 
tions in a remote area of Queensland and took approxi- 
mately 2 days to reach the laboratory 1800 km away. 
Thus the virus survived for a sufficient time to enable 
Akabane virus isolation from field material treated with 
reasonable care, for example from aborted foetuses at 
a time when Akabane virus is known to be active. 
We wish to acknowledge the assistance of Mr A. A. 
Grimshaw, Inspector of Stock, Julia Creek, and Mr J. 
Willis, Australian Estates Co. Ltd., Julia Creek, for the 
collection of the blood samsles. 
T. b. STGEORGE, M.V.Sc., 
DAISY CYBINSKI, B.Sc., 
CSIRO, Division of Animal Health, 
Long Pocket Laboratories, 
Private Bag No. 3, P.O., 
Indooroopilly, Queensland, 4068. 
Queensland Department of Primary Industries, 
Townsville, Queensland, 48 10 
1 March 1977 
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TRACHYMENE SPP AND INFERITILITY IN SHEEP 
Bent leg occurs in lambs in the red-soiled mulga 
country of south-western Queensland and north-westem 
New South Wales. It is thought to  be caused by wild 
parsnip, or plants of the genus Trachymene. Both 
Trachymene ochracea and Trachymene cyanantha have 
been incriminated (Everist 1974). As bent leg occurs 
in utero and involves uneven growth of foetal bones, it 
was suggested that the above species of Trachymene 
may also produce teratogenic effects when grazed by 
pregnant ewes (Clark et al 1975). Because lambs born 
with developmental defects would be unlikely to sur- 
vive and would be taken by predators before being 
observed, Clark et a2 (1975) proposed that Trachymene 
poisoning may be one cause of the apparently low 
lambing percentages in the mulga country. 
About 25 lambs with posterior peromelia (Jubb and 
Kennedy 1970) have been encountered in the course 
of investigations into bent leg. These occurred in two 
separate outbreaks: in 1973, west of Cunnamulla. and 
in 1976 at Morven, east of Charleville. Each outbreak 
followed a season when both T .  ochracea and T .  
cyanantha were plentiful, and lambs with bent leg 
occurred in the same flocks. In the first outbreak the 
marking percentage was about 48% and lambs with 
peromelia comprised 1% of the 1500 present. 
Four of the cases of posterior pexomelia were 
studied in detail and each showed a reduction in? or 
absence of, bones distal to the metatarsals. The distal 
ends of the metatarsals were also abnormal. The 
lesions were bilaterally symmetrical and the occurrence 
of rudimentary claws was variable. Lambs with con- 
genital abnormalities such as micrognathia and hydro- 
cephalus have also been reported sporadically from bent 
leg areas. 
The association of posterior peromelia and bent leg 
in the same flocks would suggest that the two condi- 
tions have a common aetiology, and the evidence points 
to this being Trachymene toxicity. The digits of the 
hindlimbs are the last bones of the sheep embryo to 
develop, and this occurs between the 28th and 30th 
days of gestation (Bryden et al 1972). A toxin acting 
then could retard or prevent the development of these 
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I SO L A T I O N S  OF AKABANE V I RUS FROH S E N T I N E L  CATTLE 
AND C U L I C O I DES BRE V J TARS I S  
BY 
T.O. ST.GEDRGE, H.A. STANDFAST and D.H.  CYB!NSK! 
3-6 
Thi s work was pl an ned by Mr. St. George to prove subcl i ni ca 1 infection of 
non-pregnant catt l e .  I control l ed all the entomol ogy, l�i ss Cybi nski d i d  
t h e  serology a n d  M r  St . George t h e  vi rus i sol a t i on s .  The paper was 
wri tten by Mr. St. George and mysel f .  
. . .  �.?. . .  dt?/.. . .  (f'..f!r. . .  
Date: 
. . . . . .  :':;!J;!fq :1!-t/.77:�(:: . .  
H. A. Standfasi" (C�:A� thor ) 
I agree wi t h  the statement made by Mr. Standfast • 
. . . .  . If .j �-.t.li k!t . . . . . . .  
Dat e :  
Add i t i on a 1 Coovnents : 
ISOLATIONS OF AKABANE VIRUS FROM SENTINEL CATTLE 
AND CULlCOlDES BREVITARSIS 
T. D. ST GEORGE, H. A. STANIII-AST and D. H.  CYUlNShl 
CSIRO Division o f  Animal Health, Long Pocket Laboratories, Private Bag No.  
3, Indooroopilly, Queensland, 4068 
SUMMARY: A total of 14 isolations of A k a b a n e  v i rus  were made from t h e  blood of five ca t t le  
during sub-clinical infect ion.  T h e  serial isolation of th is  virus  from four  of t h e s e  animals 
s u g g e s t s  a viraemia of a t  least 3 or 4 d a y s .  Neutral is ing an t ibody to A k a b a n e  v i r u s  in t h e  s e r u m  
of infected calves r e a c h e d  an initial peak  t i t re  of 32 to 256 four to five d a y s  af ter  t h e  viraemia 
but  la ter  rose fur ther  to a r a n g e  of 64 to 512. T h r e e  isolat ions of A k a b a n e  v i rus  w e r e  m a d e  from 
Culicoides brevitarsis co l lec ted  n e a r b y  in t h e  same period.  C. brevi tars is  w a s  t h e  d o m i n a n t  
h a e m a t o p h a g o u s  m i d g e  p r e s e n t  dur ing  tha t  t ime.  T h e s e  f indings s t r e n g t h e n  t h e  case for C. 
brevi tars is  to b e  c o n s i d e r e d  as a vec tor  of A k a b a n e  virus .  
Introduction 
Antibody to Akabane virus was shown to be 
widespread in northern Australia and in an area 
extending into New South Wales (Doherty et a1 
1973; Della-Porta et a1 1976; Cybinski et a1 1978). 
Kurogi et a1 (1976) reported the isolation of 
Akabane virus from the foetus and  blood of a sen- 
tinel cow in Japan and St George et a1 (1977) 
isolated the virus from the blood of a bull in 
Queensland on a single occasion. We describe here 
the serial isolation of Akabane virus from cattle in 
Queensland, and insects collected nearby. 
Materials and Methods 
Field Studies 
The study site was a dairy farm at  Peachester (Latitude 
26"51', Longitude 152"53') and the roads surrounding i t  on the 
headwaters of the Stanley River, 100 km north of Brisbane. 
The cattle were aged 5 to 16 months at the time virus activity 
was detected in  the study group, which was part of a dairy herd 
of approximately I 10 Australian lllawarra Shorthorn and Frie- 
sian cattle. Calving in this herd occurred through the year with 
a peak in autumn. 
Sentinel Catile 
A group of I2 dairy heifers had been bled on the farm at  ap- 
proximately monthly intervals for 3 years. The composition of 
the group varied, young animals being added as older animals 
became unavailable through the normal husbandry practice. 
When the current experiment began the sentinel cattle were ag- 
ed 4-16 months. In August 1976, a programme of approximate- 
ly weekly blood collection was instituted until 30 October and 
then the interval was shortened, by stages, to daily after 5 
November 1976 as shown in figure 1. The interval was 
lengthened again to weekly, from 2 December. Blood was col- 
lected from the jugular vein by means of a disposable syringe 
and needle. Part of the blood was mixed with heparin and part 
allowed to clot. The heparinised sample was chilled until tested 
for virus. 
lnsecr C'ol1ecrion.s 
Light trap, animal bait and truch t rap collections were made 
by standard techniques (Dyce el a /  1972), on 12 nights during 
the period 24 November to X December 1976. Collections were 
held and transported on ice to the Long Pocket Lahoratories, 
where they were sorted to species by the techniques described 
by Dyce et a/(1972). 
Laboratory Studies 
Baby hamster kidney (HHKZI) tissue culture monolayers 
were prepared as described by French and St George (1965). 
After the monolayers were confluent, the medium was changed 
to Eagle's Basal Medium with 10% foetal calf serum, 1000 
units of penicillin G. Img streptomycin sulphate and SO units 
of Nystatin*/ml. For virus isolation, 0.1 ml amounts of the 
heparinised blood samples were inoculated into each of ~ W O  
tissue culture tubes. The tubes were incubated at  37°C in roller 
drums. The red cells were washed off the following day and the 
maintenance medium was replaced. The tubes were examined 
daily and cell sheets showing cytopathology wei-e passaged. 
After 7 to 9 days the tissue culture sheets. which had shown no 
cytopathic effecc before deterioration due to age, were scraped 
off the tube and passaged to further BHK2l tissue tubes. The 
remainder of the blood was stored at -100°C for reisolation 
attempts in tissue culture or mice. 
The Cidicoides brevitarsis were sorted on a refrigerated table 
into pools of not more than 200. All insects were alive at the 
time oFsorting. Each pool of insects was added to 1 ml of chill- 
.ed rabbit serum saline (lOo;.O sterile rabbit serum in 0.0SM 
'phosphate buffered saline of pH 7.2, which contained 1.6mg of 
streptomycin sulphate and 1000 units of penicillin G/ml)  in a 5 
nil tissue grinder* which stood in a n  ice bath during the grin- 
ding procedure. The ground insect material was centrifuged at 
2000 g for 30 minutes at 4°C. Approximately 0.1 nil of the 
supernatant fluid was added to each of 2 tissue culture lubes, 
which were then treated as for the blood cultures. All material 
was inoculated into tissue culture or suckling mice within 2 
hours of sorting and at no time was i t  subjected to freezing and 
thawing. 
For virus isolation attempts in mice, 0.02 in1 of the insect 
suspension as prepared for tissue culture inoculation. or 0.02 
ml of a 10% suspension of the frozen and thaued heparinised 
blood in serum saline with antibiotics, was inoculated intra- 
*( dialogue 1 7 2 1  966 C'oriiiiig-.l~ihling. Alelhoiiriie 
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cerebrally inio litters of 2 to 3 day old mice. The  brains of sick 
inice were passaged into a further litter, while burvivors were 
routinely harvested at  14 days a n d  submitled to a further 
passage in suckling mice. 
Each of the viruses isolated in mice or t iw ie  culture was 
identified by a microtitre neutralisation test as described by 
C‘ybinski el a /  (1978) using antiserums pi-epared in rabbits 
against the following viruses: Akabane,  11’Aguilar and  Aino 
viruses isolated by Doherty et a /  (1972). Ephemeral Fevcr virus 
and D’Agiiilar virus (strain 4204) isolated by S1 George and 
Stand fast (unpublished da ta ) .  
Each serum sample was tested for  antibody to Akabane virus 
in the microtitre test (Cyhinski et a/ 1978) and  certain of the 
serums were titrated in two fold dilutions to detcrniinc the level 
of antibody. 
Results 
The whole study group developed antibody to 
Akabane virus in a period of approximately 3 
weeks. A total of 14 isolates of Akabane virus was 
made from blood samples from these cattle in a 
pattern shown in Figure 1 .  All strains except one 
were re-isolated from the original material. Eleven 
strains were isolated in both tissue cultures and 
mice; two strains were isolated only in mice and 
- 
Animal Age; Mths October November Docombor 
number at 21 Oct. 21 30 5 10 15 ... 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 
one strain only in tissue culture. The blood 
samples of the 15 November were lost by accidents 
before they could be inoculated in to  mice. N o  
other viruses were isolated from the cattle bloods. 
Except for kerato-conjunctivitis in 5 of the sen- 
tinel group, the heifers appeared normal 
throughout the period when Akabane virus was 
being isolated. 
All cattle in the group from which sufficient 
samples were available developed neutralising an- 
tibody in a similar pattern to that shown in Figure 
2.  The initial peak of antibody (titre 32-256) was 
reached in 4 to 5 days after the first appearance of 
antibody. There was then a fall in antibody level 
and a later rise to levels of 128 to 512. Calves 
numbers 1 to 4 were not bled on a daily basis soon 
enough to determine accurately when antibody 
first appeared. 
Details of the insect collections, and the virus 
isolations from them are shown in Table I .  A total 
of 101 pools of C. brevitarsis (53 14 females) yield- 




4 7 0 0  0 0  
5 8 
6 5 0 0 0 0 O . . * O  
7 10 0 0 0 0 o * * * o  
8 5 0 0 0 0 o * * * o  
9 7 0 0 0 0 0 . . - ~ ~ ~ o  0 
10 6 0 0 0 0 0 * . * o  mmmmo 
11 4 0 0 0 0 0 . * a 0  0 ~ ~ ~ 0  
12 6 0 0 0 o o . * - o  0 0 0  o m  
C. brevitarsis .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . , . . . . . .. . . . . . . . . . . . .. . . . . 0 o m o m o m  0 0  
Key: = Akabane virus Isolated; 
0 I Unsuccessful attempt to isolate Akabane virur from C. brovitarrir 
and from cattle without neutrailsing antibody to Akabam virus. 
= Serum neutrailsing antibody to Akabam virus but no virur iroktod. 
Figure 1. The pattern 0 1  the isolation of Akabane virJs Irom the blood of sentinel cattle and their subsequent specific antibody 
response is shown in relation to the isolation of Akabane virus from Culicoldes breviiarsiscollected in the vicinity. 
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Figure 2 The neulralising antibody response of calf number 1 1  following a 
natural infection with Akabane virus Seven blood samples collected in the 
preceding 3 week period were negative for Akabane virus and antibody to 
that virus 
different arboviruses not immediately identifiable 
by our current tests. The unidentified isolates will 
be the subject of later studies. Two of the isola- 
tions of Akabane virus from Culicoides were 
made in both tissue culture and mice and 1 was 
made only in mice. Isolation of viruses from in- 
sects was attempted only after Akabane virus ac- 
t iv i ty  in the herd was detected by culture of blood 
samples. 
C. brevifarsis was the dominant biting midge in 
the collections and only small numbers of other 
species were collected; these were Culicoides bun- 
dyensis, C. victoriae, C. antennalis, C .  cuniculus 
and C. marksi. (Identified by Mr A. L. Dyce, 
McMaster Laboratory). Twenty-one mosquitoes 
were included in the collections; Culex an-  
nulirosrris, Cx bifaeniorhynchus and Mansonia 
uniformis. 
Discussion 
The movements of Akabane virus are more dif- 
ficult to follow than those of viruses which pro- 
duce immediately recognisable clinical disease. 
The infection is usually detected in retrospect by 
serological means. The  only known effects of 
Akabane virus infection have been on  the foetus, 
resulting in damage or death, and the recognition 
of this effect may involve a considerable time lag 
(Hartley et al 1975). The effect of the virus on 
non-pregnant animals has been assumed to be a 
subclinical infection. The only direct evidence 
from subclinical natural infection in a single 
animal has been given by St George er al(1977). 
The series of animals from which we isolated 
Ahabane virus were under close observation and 
5 60 
showed no abnormalities except for kerato- 
conjunctivitis noted in some of them. 
In Figure 1,  the period of detectable viraemia 
was defined only in calves, numbers 10, 1 1  and 12 
and was 3 or 4 days. For 1 or 2 days after the 
viraemia in these 3 calves (and also calf number 9) 
neither Akabane virus nor antibody to that virus 
was detected. I f  more sensitive techniques had 
been used either or both may have been detected in 
this period. The probability exists that both 
Akabane virus and antibody to i t  were present in 
the blood samples drawn from the animals in this 
time and effectively neutralised each other. Three 
or four days may be a conservative estimate for 
the duration of the viraemia in natural infections. 
Most of the group were infected wi th in  a 12 day 
period and then developed antibody to Akabane 
virus. 
The specific antibody rise was rapid, but the 
pattern after the first peak was not well defined in 
our series. The range of titres reached, 32-512, 
were similar to those found in a survey of cattle 
over a wide area of Australia by Cybinski er a/ 
( 1  978). 
C. brevifarsis is the only insect from which 
Akabane virus has been isolated in Australia. On 
previous occasions, one isolation was made from 
528 C. brevirarsis collected near Rockhampton, 
one from 179 C. brevirarsis collected at Amberley 
(Doherty ef a/ 1972; Standfast and Dycc 1972), 
and one from 749 C. brevirarsisat Kairi, Atherton 
Tableland (Standfast unpublished data). The 3 
isolations in the present series were from a total of 
5346 females. This is an isolation rate con- 
TABLE 1 
Pigmented* Culicoides brevitarsis collected at Peachester 
24 November-8 December 
Date Light Trap Animal Bait Truck Trap 
2 4  Nov. NC 4 3  
25 Nov. i? NC 8 4  
26  Nov. 195 51 39  (A)? 
27 Nov. 305 77 194  
2 8  Nov. 8 6  104 (A) 199 _ _  ~ 
2 9 N o v .  2 3  ~ NC-’ NC 
30 Nov. 15 ( I ) (  3 7 7  (A) 5 1 2  
1 Dec. 2 9  5 6  28 7 
6 Dec. 205 (1) 7 0 2  (21 
2 Dec. ?$l) NC 251  ( 1 )  
7 Dec. 0 NC ’ lois  i 3 j  
8 Dec. 20 NC 4 8 3  (1)  
Total 693  8 7 0  3783  
* Olderinsects which have matured at least one batch of eggs. 
t NC = N o  Collection. On a number of occasions collections 
f A = Akabane virus isolation 
(J ) = Figures in parenthesis indicate number of virus 
had to be abandoned due to bad weather. 
isolations other than Mabane virus 
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siderably higher than that recorded for other ar- 
boviruses in Queensland. In the present series, the 
isolation rate from animal bait collections was of 
the order of 1 per 300 insects. At this rate of infec- 
tion in the C. brevirarsis population, there would 
be a high probability of cattle in the herd being fed 
on by one, or more infected insects each night. 
This is compatible with the rapid rate at which the 
group under study became serologically positive 
for Akabane virus. 
In  Japan, the original isolations of Akabane 
virus were made from mosquitoes collected while 
resting in livestock pens (Matsuyama ct a/  1960). 
However, in Australia, the virus has been isolated 
only from Culicoides despite the large numbers.of 
mosquitoes processed over the nine years since i t  
was first isolated. Attempts to infect the mos- 
quitoes Cx annulirostris and Aedes vigilax, by 
feeding blood-virus mixtures in the laboratory, 
have been unsuccessful (Kay et al 1975; Standfast 
unpublished data), while Japanese workers have 
been unable to infect Cx tritaeniorhynchus, one of 
the species of mosquito from which the virus was 
originally isolated (lnaba personal communica- 
tion). As almost every collection of mosquitoes 
resting in livestock pens contains a high propor- 
tion of blood fed insects, i t  seems likely that the 
virus was isolated from the blood meal, and not 
from the mosquito itself. 
The insect collections were commenced im- 
mediately i t  was known that Akabane virus was 
present in the herd. Due however to the time taken 
to grow the virus and identify i t ,  most of the 
animals in the herd had either finished circulating 
virus or had detectable antibody (Figure 1 )  when 
insect collection commenced. I t  will be noted that 
Akabane virus was isolated during the first 7 days 
of collection but was not isolated during the other 
5 days of the series when the collections of C. 
brevitarsis yielded 10 isolations of other viruses. 
Too often insects are designated vectors on the 
evidence of an isolation of virus from field 
material. A World Health Organisation Scientific 
group (Anon 1967) has defined standards for the 
classification of vectors, recognising three 
categories - suspected, potential and confirmed. 
The evidence we have relating to C. brevitarsis 
namely; six isolations of virus from wild caught 
insects free from visible blood; its collection in 
close proximity to the herd in which virus was 
transmitted and its known propensity for attack- 
ing cattle, sheep and horses (Standfast and Dyce 
1972; Muller and  Murray 1977), allows it to be 
categorised as a suspected vector. I t  cannot be 
considered a confirmed vector until its ability to 
transmit the virus biologically, has been 
demonstrated. 
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The survey was pl anned by Mr . St . George using sera accumul ated i n  the 
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ANTIBODIES TO AKABANE VIRUS IN AUSTRALIA 
' 
u_ H. <..:nuNSKI*, T. D. Sr. GEORGi:"', and N. I. PAULLt 
SUMMARY: Neutral ising antibody to Akabane virus was shown to develop in cattle in northern 
Australia throughout the year and also on the east coast of New South Wales in the summer 
during 1975/1976. Other species found to have antibOdy to Akabane virus were buffaloes, 
horses, camels and sheep, but no antibody was found in domestic chickens, ducks, wallabies 
or man. The biting midge Culicoides brevitarsis has been detected in all the major areas where 
antibody was demonstrated in this study. 
Introduction 
Akabane virus has been reported to cause 
malformation in new born calves and lambs i n  
Japan (lnaba et a/ 1975) a n d  also i n  calves i n  
Australia (Hartley et al 1 974). Epidemics of 
arthrogryposis and hydranencephaly appear to 
occur on the margins of areas where the presence 
of neutralising antibodies to Akabane virus can be 
demonstrated (Della-Porta et a/ 1976). It is of con­
siderable importance therefore to define the 
distribution of Akabane antibody and the 
seasonal variations which occur. In this paper we 
describe the area where antibodies to Akabane 
virus were found in canle serum, and the periods 
between July 1 975 and June 1976 when sentinel 
caule developed antibodies. The results of a 
limited serological survey of some other species 
are also presented. 
Materials and Methods 
Suum 
During 1975 and 1976, seminel herd� of cattle ranging in age 
from lc�s than a month to 3 years were bled in various parts of 
Australia at varying imervals - a: least once a month in some 
herds, and 2 to 10 momhly in the remainder (Figure 1). The 
basic sentinel herd scheme has been described by St George et 
a/( 1977). In this �tudy each sampling group contained between 
10 and 20 animals. In addition, small numbers of camels, 
horses, wallabie�. ducks and people:: "ere bkd once, and groups 
of dome�tic chickens, sheep, and huff aloe� \\ere bled regularly 
O\"CT a period of appro�o:imatc-1}" one year (a fc:w horses were 
bled seV�:ral times during the yur). The serums were stored at 
4•C until teucd for ncutrali�ing antibody to Aka bane virus. 
VituJ 
The virus used was the 88935 strain of Akat>anc: virus 
isolated from CulicoidcJ brc:1irarsi� by Doherty el a/ (1972), 
and h:td recei\·ed 3 succe>sivc: passages in mice. I in canle,
_
l ad­
ditional pauage in mice: followed by 6 in baby hamster ktdney 
cells and l i n  Verot cells. 
"CSII<O JJ,.i,vn of �nm">l H�all�. lo�J P'-"l<l lat>�'�""''"'· f'ri•�l< Ba1 No. l 
f' ( r . tnd.....,ooro!I• , Qu<m>l•nd . .WC.S 
11./u«n>l•ncllkpo.nmtnle>I Pf"''"'} ln<lu•lfi<•. To"'""'llt. Qu""n'lond•�tu 
.l."'"""'"""aloh�•·""' lat><>taiOl;.,.. '1<1b.•un>< 
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Diluent 
Medium 199� containing IOIITe Foetal calf serum was used as 
a diluent throughout the IC:St, for serum, virus and cells. 
Cd/sCulturts 
The cells used in the microtitre test were an African green 
monkey kidney cell line (Vero). The Verocclls were:. grown until 
.:onfluc-m in Hilnks' Balan..:ed s .. lt solutiont containin& 10� 
rg;��:����r���m, then harve�tcd and diluted for usc to give 2 )1. 
Micro--neutrillis.uion Test 
Te,ts wnc: eonl.luaed in duplicate, and controh carried out 
with each tc�1 included titration of the virus and known 
negative aud positive serums. In addition, e<lch serum W<lS 
te\!cd for cell to.�o.icity in the ahscnce of viru�. The �en11n� were: 
inactivated by hc:.:;,ting at 56"C for 30 min. bc:fore being tested. 
To 0.025 ml or undiluted �erum in a flat bottomed microtitre 
plate, an equal volume of cell cull ore fluid COnl<�ining 100 S0°.'o 
ti�suc culture inftcti•·c: doses of Akabane �irus \loaS added. 
After 4S min. incubation at 37°C, 0.1  ml of diluent co111ainin1 
\'cro cell� was added to the milo:lurc: which was then covered 
10.ith $tCrilc: paraffin oil. Oil Sterili�ed by heating wa� to.�ic for 
the eells, but filtered oil "a� found to be: non toxic and very 
efficient at rendering thc �)·stem ainisht. 
Titration of serum was c<�rr ied out in the microtitre plates using 
0.025 mt microdilutors§ and allowing 4 wells per dilution. 
After S days incubation at n•c, the wells were examined for 
eytopathic c:Hc:ct (CPE). A serum wn taken as positive for 
antibody if CPE was completely prevented, and negative for 
antibody if CPE was pre\ent. Antibody titres were expressed as 
the r«iprocal or the initial dilution of serum that neutralised 
the virus in 501ft of the wells inoculated at that dilution. 
Results 
Neutralisation Test 
It was found that the plates could be read 4 to 7 
days after testing with no detectable variation in 
the resul!s. Toxic serums were not uncommon and 
were discarded. Clean, uncontaminated serums, 
however, gave clear cut, reproducible results. 
Serums were titrated when a change in antibody 
.._ __ .., - L'"'ibl of Culicoid .. b•nit.r�ir. di•t•ibution, deri.,..d ,..,.., M""'t {l'i16). 
·-.h•••' - EJI,.:I'I(I•d limits of C. brevitarai• (Sllr>dlut. Mult..r unpublilhtd dtll). 
Fi'""'" 1. Tt>e dislril>ubt-n o1 herds of c�lllt whieh "'era teared lar an\it>od1 
to A�ah�ne virus between July I, 1975, and June 30. t916. 
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status occurred in any particui:H animal, and the 
titres up to 5 12  were obtained, almost all being 
greater than 8. 
Catrle 
The map (Figure I) shows where the herds or· 
cattle were locatc:d and the months between which 
a change i n  specific antibody stalUs from negative 
to positive (sero conversion) occurred during the 
sampling period of 1975 to 1976. Although most 
sentinel animals were bled at least once every 3 
months, due to management difficulty, some 
animals were not available for sampling every 
time, and in 4 herds the interval between bleeding 
was up to 10 months. 
Ocher Species 
Other species in whose serum�neutralising 
antibodies to Akabane virus were found were; 
buffaloes (39/39), horses (17/20), camels (8/14), 
and .sheep (6/37 from north Queensland). 
However antibody to the virus was not detected in 
serum from 28 sheep from Tasmania and 16 from 
northern New South Wales, 100 chickens, 8 ducks 
(Dendrocygna accunata; Tadorna radjah), 56 
wallabies (\Val/abia agi/is), and 24 people. 
Neutralising antibody tit res of up to 96 were ob­
tained for serums from horses, up to 24 for buf­
faloes, up to 256 for sheep, and up to 64 for 
camels. All positive serums, however, were not 
titrated, and the upper limits of antibod�: titres for 
these species could well be higher th:1n thts. 
Discussion 
The distribution of serum neutralising anti­
bodies to Akabane virus in  this survey was s i�ilar 
to that found by Della-Porta et a./ (1976) m a 
sur\'ey during· 1974 and 1975. Antibodies were not 
demonstrated as far south <:.long the east coast as 
in the previous survey, however, i�d.
icating that 
the boundaries of Akabane virus acuv1ty may va�y 
from year to year. This fluctuation would re�ult �n 
a non-immune population of cattle eme�gmg tn 
some years, which could subsequently be mfe;t_
ed 
\Vhen the boundary of Akabane vi�us acuv1ty 
changed. This in turn could be respons1ble for ou
.
t­
breaks of arthrogryposis and hydr�ncephaly . 
m 
these areas where the cattle populauon contams 
susceptible pregnant animals. . Results indicate (Figure I)  that Akabane vtrus 
was mainly active i n  the summer months as Far 
5001r... as Sydney along the. east coast, but that an­
tibo(. ·�s could not be demonstrated further sou�h 
at Be
.
ga. West of the Great Dividinj!; Ran�es m 
New :south Wales and <.)ueens!and, and also m th: 
Ausu:Jii,1fl Vcrt•rinary Journal, Vol. 54. }3nvary, 1978 
nonh of Australia. seiU-con .. ·ersJons to Ak.abanc 
virus were not confined left he summer months but 
occurred at various times of the year. 
The biting midge C. brevitarsis is the only insect 
from which Akabane virus has been isolated in 
Australia. It has been found in all areas of the 
mainland where antibody to Akaban� virus has 
been demonstrated in cattle, and has not bc�n 
recorded in areas where herds were negative. 
Development of antibody to Akabane virus in  cat­
tle from the Flinders River basin in northern 
Queensland coincided with the periods- whe
_
n C. 
brevitarsis was detected (Standfast unpublished 
data), giving further support to the theory �hat C. 
brevicarsis is the main vector of Aka bane v1rus. In 
addiuon w the area delineated by Murray ( 1975), 
C. brevitarsis has been, found in 2 major areas, 
(Figure I)  namely Alice Springs in the Nor_thern Territory where the finding of Akabane anubody 
in cattle prompted a search for the vector, and i n  
the Channel Country of western Queensland 
(Standfast, unpublished data). 
Antibodies· to Akabane vir' us were present in 
buffaloes, horses, sh�ep and also in camels. Ex­
cept for the sheep from Tasmania and northern 
New South Wales, these serum samples came from 
area� in northern Australia where antibody to 
Akabane virus was demonStrated in cattle. The 
failure to demonstrate antibodies in chickens, 
ducks, wallabies and man may be due to the 
failure of Akabane \'irus 10 muh:ply in these 
species or due to the failure of the suspected vector 
C. brcvi!arsis to attack them. 
Acknowledgments 
The Cltccllent technical a�sistancc: of Mrs M .  Thomas is 
gratefully acknowledged. Wr: also c:xpre.ss our apprc:ciatio� to the Officer� of the Dcpanm�nts of A&ncuhurc or the vanous 
Australian States. the Office-rs of the: Department of 
Agriculture, Stock and Fi5hcric:s of Papua New Guinea. and 
the gra7iers, lor their cooperation In the collection of blood 
hom sentinel canle and oth�r sp�io. 
References 
Oelils·Port"· A. J., Murr�y M. D. and Cybinski, D. H. 
o��:;,�-R�u��� C��1/Y. ��:G�:6Standfa�t. H. A., Dyce, 
A. L. and Snowdon, W. A. {t912�.AuJt. �·rr. 1. 48: 
Ha
8
r�iey, W. J.. Wanner, R. A., Della-Porta, A. J. and 
Snowdon. W. A. 0974)-.Atul. �t'l. J. 51: 10), 
tnaba, V .• Kucogi, H. and Omon, T. (1975)-AuJt. 
M��:a:.· �r 6��-1975)-AuH. m. J. 51: 2_1 6_. � Georsc:, T. D., Stomdfast, H. A., Chnstce, D. G .• 
·Knott, S. G. and Morgan, I. R. ( 1 977)-AuJI. vtt. 
J. 53: 17. 
(R�cdved for publication 29 Novrmbu 1976) 
CONGENITAL ABNORMALITIES IN CALVES .. 
ASSOCIATED WITH AKABANE VIRUS AND AINO VIRUS 
BY 
O.R. COVERDALE, D.H. CYBINSKI and T.D. ST.GEORGE 
The collection of precolostral sera from congenitally infected calves 
was organized by me in the anticipation that an outbreak of 
arthrogryposis/ hydranencephaly would occur in the New England area. 
This expectation derived f_rom sentinel herd serology carried out by 
Mr. St.George a short time earlier. The work was planned during a vi�it 
by Mr. St .George to my laboratory prior to the outbreak. The sera 1 ogy 
was carried by Miss Cybi nsk i . The paper was written jointly by 
Mr. St.George and myself • 
. . . .! f.. �.b. .. :. 7. � • • • • • • • • • • •  0 . . . . . . . . . . . . .. . . . . . . .. .  . 
Date: O.R. Coverdale ( Author ) 
I agree with the statement made by Mr. Coverdale • 
... I I. jtd_ . . .i.1. t.� ..... . 
Date: 
. . . . . . . #.fl..� 
Additional Comments: 
CONGENITAL ABNORMALITIES IN CALVES ASSOCIATED WITH AKABANE VIRUS AND 
AlNO VIRUS 
An outbreak of arthrogryposis and hydranencephaly 
(AG/HE) occurred during the spring of 1976 on the New 
England Tablelands of New South Wales. Previous outbreaks 
of AG/HE in Australia (Hartley et a1 1975). Japan (Miura e t a /  
1974; Kurogi et a1 1975) and Israel (Trainin 1974) have been 
associated with high antibody titres to Akabane virus, but 
Miura reported that 2 of the 20 AG/HE calves he investigated 
had neutralising antibody to Aino virus. From our investiga- 
tions we wish to report the finding of high titres of neutralising 
antibody to Aino virus only in 3 calves with congenital 
AG/HE. 
Serum was obtained from 30 clinical cases of AG/HE before 
the calves could obtain colostrum, and in addition 
cerebrospinal fluid was collected from 22 of these cases. The 
precolostral status of the calves was confirmed at autopsy by 
examination of the abomasum for the absence of a milk clot. 
Serum samples were also obtained from the majority of their 
dams for comparison. The serums and cerebrospinal fluids 
were inactivated by heating at 56°C for 30 minutes, then stored 
at 4°C until tested. Neutralisation tests were performed in 
duplicate in microtitre plates.' 
The viruses used in neutralisation tests were the 88935 strain 
of Akabane virus and the 87974 strain of Aino virus (Doherty 
er a/ 1972). the BB7721 strain of ephemeral fever virus 
(Dohertv et a/ 1969) and strain 4204 of D'Aguilar virus (St. 
George unpublished). In the test, 0.025 ml of virus suspen- 
sion was added to an equal amount of serum, or serum dilu- 
tion. One hundred tissue culture infective doses (at a 50% end 
point) of virus were used for Akabane and ephemeral fever 
viruses, 300 doses for Aino virus and 5 0 0  doses for D'Aguilar 
virus. In the screening tests for antibody to the viruses, other 
than Aino virus, serum or cerebrospinal fluid was used un- 
diluted. In tests for antibody to Aino virus an initial dilution of 
I :3 was found necessary because of probable non-specificity of 
undiluted serum, found by extensive testing of serums from 
cattle from many parts of Australia (Cybinski unpublished 
data). After 45 minutes incubation at 37"C, 0. I ml of medium 
199* plus 10% foetal calf serum, which contained 2 x lo5 Vero 
cells/ml, was added to  the mixture. The wells of the microtitre 
plate were overlaid with sterile paraffin oil and then incubated 
for 5 days at 37°C. The presence of cytopathic effect a t  this 
time was scored as negative for antibody, and the absence of 
cytopathic effect as positive for antibody. 
Three calves had significant levels of neutralising antibodies 
to Aino virus only (Table I ) .  Calf 1 was severely incoordinate, 
unable to stand, and had nystagmus but was not ar- 
throgrypotic. Autopsy revealed hydranencephalic cavitation in 
the occipital region of both cerebral hemispheres, from which 
the cerebrospinal fluid was clear. The cerebellum was 
hypoplast ic ,  being a b o u t  one- th i rd  normal  size. 
Histopathology showed a mild non-suppurative encephalitis, 
and a lack of folial development of the cerebellum. The af- 
fected folia had a decreased width of the molecular layer, loss 
of Purkinje cells, and loss of cells in the granular layer. Calves 
2 and 3 were arthrogrypotic and showed mild neurological 
dysfunction. At autopsy the brains were grossly normal, with 
'Cooke Engineering Co.. Uniled Scales of America 
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TABLE 1 
Neutralisation Tests in Four AGIHE Calves and their Dams which gave Titres to Aino Virus 
Item Aino Akabane D'Aguilar 4204 Ephemeral Fever 
- - 1. Calf serum 4096 - 
Calf CSF 4096 - - - 
Cow serum 128 8 6 - 
~~ ~~ 
2. Calf sesum 256 - - - 
Cow serum 48 - 12 - 
Calf serum 16 
4. Calf serum 3 
Cow serum 3 
- - - 
3.  Cow serum 128 - - - 
- - - 
- - - 
no indication of hydranencephaly. These brains were inadver- 
tantly discarded. Calf 4 (Table 1) was similar to calves 2 and 3 
but showed only trace levels of antibody to Aino virus. Calves 
2, 3 and 4 originated from the same property and were the only 
cases of arthrogryposis among the 30 calves. 
Twenty five of the 30 calves had neutralising antibody to 
Akabane virus only, with titres of 48 to 128 and 8 of 21 
cerebrospinal fluid samples had low titres of I to 8 to this virus. 
High levels have been detected in cerebrospinal fluid in Japan 
(Inaba personal communication). These 25 calves were im- 
becilic, blind and lacked a sucking reflex but were able to walk 
with a remarkable degree of coordination. Autopsy revealed 
almost complete absence of the cerebral hemisphere, which 
were replaced by clear cerebrospinal fluid contained within the 
leptomeninges. These lesions were similar to those described in 
previously reported outbreaks in New South Wales (Blood 
1956; Young 1969; Wanner and Husband 1974; Hartley el a1 
1975; Hartley and d e  Saram 1976). 
One calf, clinically similar to the calves with antibody to 
Akabane virus, had hydranencephaly but neither the calf nor 
its dam had antibody to the4 viruses under investigation. 
In spite of our finding evidence associating Aino virus with 
congenital defects in certain of the abnormal calves in this out- 
break, Akabane virus appeared to be the more important 
causative agent involved. Of further interest was the absence of 
antibodies to ephemeral fever virus in the calves and their 
dams, as this virus has caused complications in the interpreta- 
tions of results in previous work carried out  in southern New 
South Wales (Young 1969). 
We wish to thank Drs B. S .  Adams. F. L. Clark and P. G. 
Honey for their assistance with autopsies and collection of 
clinical material. We also wish to thank Maryann Thomas for  
technical assistance and K. Quinn for preparation of 
histological sections. 
0. R. COVERDALE, 
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D. H.  CYBINSKI, 
T.  D. ST. GEORGE, 
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Indooroopilly, Queensland, 4068 
2 September 1977 
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A SURVEY  OF ANT I BO D Y  TO A ! NO V I RUS 
IN CATTLE AND OTHER S P E C I E S  tN AUSTRAL I A  
BY 
D . H .  CYBINSKI and T.D.  ST. GEORGE 
The survey was pl anned by Mr. St . George using sera accumul ated in the 
senti nel herd scheme and carried out by me. The paper was written by 
me.  
. . .  !f;"«.m�.<t;.P:!r. .. 
Date: 
. . . . . .  « !!. . .  V.--6. . . . . . . . . .  . .  
D.A. Cybi nski (Author) 
Add iti onal Comment s :  
A SURVEY OF ANTIBODY TO AlNO VIRUS IN CATTLE AND OTHER 
SPECIES IN AUSTRALIA 
D. H. CYBINSKI and T. D. STGEORGE 
CSIRO Division o f  Animal Health, Long Pocket Laboratories, Private Bag No. 
3, indooroopilly, Queensland 4068 
SUMMARY: A serological survey of healthy cattle in Australia showed that antibodies to Aino 
virus were present in serums from cattle in northern Australia and down the east coast as far 
as central New South Wales in 1975, 1976 and 1977, but occurred with a lower frequency than 
antibodies to Akabane virus. In contrast to the findings with Akabane virus, no neutralising 
antibodies to Aino virus were detected in serums from camels, dogs or horses. Antibodies to 
both viruses were detected in buffaloes and sheep, but not in humans or any of the Australian 
indigenous species so far tested. All positive serums originated from within the known range 
of Culicoides  brevitarsis. 
Introduction 
Much attention has been given to the members 
of the Simbu group of arboviruses, in particular, 
Akabane virus, which has been associated with 
malformations in newborn calves and lambs in 
Japan (Inaba et a f  1975), and also in calves in 
Australia (Hartley el a1 1974). Aino virus, another 
member of this group, was isolated in Australia in 
1968 from the biting midge Culicoides brevitarsis 
(Doherty et a1 1972), and neutralising antibody to 
Aino virus has been detected in precolostral serum 
from a small percentage of deformed calves in 
Japan (Miura et a1 1974). The Australian isolate of 
this virus was previously known as Samford virus 
until a comparison was made with Aino virus of 
Japan (Doherty 1977). 
In this paper we outline the area in which 
antibodies to Aino virus were detected in cattle in 
Australia during a survey carried out over the 
period August 1975 to May 1977. Some of the 
similarities and differences between Akabane and 
Aino viruses are noted, and a brief serological 
survey of some other species is included. 
Materials and Methods 
Serum 
During the period August 1975 to May 1977, sentinel cattle 
in various parts of Australia, varying in age from less than 1 
month up to 3 years, were bled at intervals varying from one 
day to 10 months to be tested for antibodies to a number of 
viruses including ephemeral fever, Akabane and Aino viruses 
(St George et a1 1977). The majority were bled at least once 
every 3 months and each sampling group contained between 10 
and 20 animals. In addition, small numbers of serums from 
man. camels, horses, buffaloes, pigs, kangaroos, sheep and 
dogs were tested. The serums were inactivated by heating at 
56°C for 30 minutes, then diluted 113 for testing. Approx- 
imately 5000 serums were tested undiluted for antibody to Aino 
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virus, while a further 5000 serums were tested for this virus at a 
dilution of 1/3. Serum was used undiluted when it was tested 
for antibody to Akabane virus. 
Specific antiserums against Aino and Akabane viruses were 
produced in rabbits by giving a series of 3 intramuscular injec- 
tions with a mixture of virus and Freunds complete adjuvant. 
at weekly intervals, and then one intravenous injection with 
virus alone 4 to 6 weeks later. The rabbits were bled after 7 to 
10 days and the serum stored at  -20°C until tested with Aino 
and Akabane viruses. 
Virus 
The B7974 strain of Aino virus used throughout was isolated 
from C. brevitarsis by Doherty et a1 (1972). It received 4 
passages in mice, 1 in baby hamster kidney cells and 5 in Vero* 
cells. The Akabane virus used was the same strain (B8935) that 
was used bycybinski etal(1978). 
Diluent 
a diluent throughout the test for serum, virus and cells. 
Cefl Cultures 
The cells in the micro-neutralisation test were in African 
green monkey kidney cell line (Vero). The Vero cells were 
grown until confluent in Hanks' Balanced Salt Solution" con- 
taining 10% foetal calf serum, then harvested and diluted to 
give 2 x 105 cells per ml. 
Micro-neurralisation Test 
Except for the initial dilution of serum, the test procedure 
was the same as that used for Akabane virus by Cybinski ef a1 
(in press). 
Results 
The results obtained in the cross-neutralisation 
test of the hyper-immune rabbit serum are given in 
Table 1, showing no detectable cross-reaction bet- 
ween the 2 viruses. 
Medium 199* containing 10% foetal calf serum was used as 
~~ 
*Commonwealth Serum Laboratories, Melbourne, Australia 
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Figure 1 The distribution of anitbodies lo Aino virus in cattle during the 
period August1975 to May 1977 
The map (Figure 1) shows the location of all the 
herds of sentinel cattle tested, and of the herds in 
which antibody with a titre of greater than 3 to 
Aino virus was detected. Of the 54 herds tested, 40 
contained animals with antibodies to Aino virus in 
their serum, and in 18 of these herds conversions 
in antibody status from negative to  positive (sero- 
conversions) were recorded during the survey. It 
was noted that cattle down the east coast of 
Australia, as far south as the Hunter River Valley 
in New South Wales, acquired antibodies mainly 
in the summer months, while north of the Tropic 
of Capricorn antibody developed at various times 
of the year. No antibody to Aino virus was 
detected in cattle from Tasmania, Victoria, 
southern South Australia, southern Western 
Australia or Papua New Guinea. 
It was noted that cattle acquired antibodies to 
Aino and Akabane viruses in separate waves and 
while 100% of the susceptible cattle in a sample 
group usually developed antibodies to  Akabane 
virus, Aino virus did not produce antibodies in 
more than 65% of animals in any of the herds in 
this study. As an example, cattle from a dairy 
farm about 100 km north of Brisbane, which were 
chosen for intensive study as part of the sentinel 
herd scheme because of their convenient location, 
were bled daily, weekly or monthly at different 
periods during the study. One hundred percent of 
these animals acquired antibodies to Akabane 
virus within two weeks in November 1976, 
whereas antibody to Aino virus was not detected 
until mid January 1977, and only 60% of the 
animals sero-converted over the following month. 
During the period when antibody to Aino virus 
developed the animals remained clinically normal. 
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Serums were titrated when a change in antibody 
status occurred in any particular animal, and titres 
up to 128 were obtained for Aino virus. However, 
certain serums from southern cattle, well outside 
the range of C. brevitarsis were found to have 
titres of 2 or less. 
Other species in whose serum neutralising an- 
tibodies to Aino virus were detected were buf- 
faloes (5114) and sheep (8/70 from Queensland). 
However, antibodies to the virus were not detected 
in serum from 28 sheep from Tasmania and 12 
from central New South Wales, nor in 14 camels, 
143 horses, 7 dogs, 13 pigs, 31 marsupials, and 38 
humans, all from areas where antibody to Aino 
virus was detected in cattle. 
Neutralising antibody titres up to 64 were 
detected in serums from both buffaloes and sheep. 
Discussion 
The association of Akabane virus and Aino 
virus (Coverdale et a1 in press) with congenital 
defects in calves, and the serological relationship 
between the two, makes a knowledge of the 
distribution of Aino virus and the species infected 
of considerable importance. 
Approximately 5000 serums were tested un- 
diluted during a preliminary study. Selected 
positive serums were titrated and titres ranged 
from 1 to 128. Positive serums from southern 
cattle, well outside the range of C. brevitarsis, the 
suspected vector, were found to have titres of 2 or 
less, and these were thought to be non-specific 
reactions. A further 5000 serums have since been 
tested at  an initial dilution of 1/3 and the apparent 
false positives in the southern herds, as well as 
some discrepancies in other herds have thus been 
eliminated. The cause of these low level reactions 
has not been determined but the complete absence 
of titres higher than 3 leads us to regard them as 
non-speci f ic. 
In Japan, Aino virus has been isolated twice 
from Culex tritaeniorhynchus, and once from a 
mixture of Culex pipiens and Culex pseudovishnui 
(Takahashi et a1 1968), however, in Australia the 
suspected vector is the biting midge Culicoides 
brevirarsis, from which the virus has been isolated 
3 times (Doherty et af 1972). The distribution of 
antibodies to Aino virus falls well within the area 
of C. brevitarsis distribution as delineated by 
Murray (1975) and extended by Standfast (un- 
published data) strengthening the case for this in- 
sect as the suspected vector. Transmission trials 
and further field work are necessary to 
demonstrate whether it is the only vector. 
The results from the hyperimmune rabbit 
serums (Table I) ,  and also the sentinel cattle 
serums show that there is no detectable cross reac- 
Australian C'ereriiiarj Jourrial. Vol. 54, August, 1978 
TABLE 1 
A Comparison of the NeutralisingAntibody Titres in Anti- 
semms hepared in Rabbits Against Aino and Akabane 
Viruses 
~ ~~ - 
Antiserum Titrss 
virus Aino Akabane 
Aino > 256 < 1  
Akabane < 1  > 256 
tion between Aino and Akabane viruses in our 
microneutralisation test. It has been shown by 
complement fixation tests, however, that there is a 
close relationship between these 2 viruses, and 
some other members of the Simbu group, namely 
Simbu and Sathuperi viruses, (Takahashi et a1 
1968). 
There are some other major differences between 
Akabane virus and Aino virus, such as the finding 
that a higher percentage of cattle had antibodies to 
Akabane virus in their serum, and that antibodies 
to Akabane virus were detected in serum from 
horses, camels (Cybinski et a1 in press) and dogs 
(Cybinski, unpublished data), whereas Aino 
antibodies were not detected in these species. If it 
is established in the future that Aino and Akabane 
viruses cause a similar syndrome in cattle, it is 
likely that the percentage of cattle affected by 
Aino virus will be lower than those affected by 
Akabane virus. 
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Brief Communication:
© THE ISOLATION OF THREE SIMBU GROUP VIRUSES NEW TO
AUSTRALIA
by T. D. ST. GEORGE*, .D H. CYBINSKI*, CHERYL FILIPPICHf AND J. G. CARLEYf
(From the *CSIRO, Division of Animal Health, Long Pocket Laboratories, Private Bag No. 3, P.O.,
Indooroopilly, Queensland 4068, and tQueensland Institute of Medical Research, Bramston Terrace,
Herston, Queensland 4006, Australia.)
(Accepted for publication October 26.1979.)
Four members of the Simbu group of viruses have been isolated in Australia and identified, namely
Akabane virus (Doherty et al., 1972), Aino virus (originally named Samford by Doherty etai, 1972),
Thimiri (Standfast and Dyce, personal communication) and Facey's Paddock (Doherty, personal
communication) viruses. Two of these viruses, Akabane and Aino viruses, have been associated with
disease in domestic animals (Inaba, Kurogi and Omori, 1975; Coverdale, Cybinski and St. George,
1978). We wish to report the isolation of three additional viruses new to Australia assigned to the Simbu
group by complement fixation testing at the Queensland Institute of Medical Research. These viruses
have not yet been compared with the full range of arboviruses at the Yale Research Unit in the U.S.A.,
so that the proposed names are only provisional.
Cross-neutralization testing with specific rabbit serum produced against each virus showed that
they were all distinct from each other and from the known Australian Simbu group viruses.
The first of these viruses was designated CSIRO133 (Peaton virus), which was isolated from the
blood of a healthy cow at Grafton, New South Wales (152.56E; 29.41 S), bled on 18th January, 1977,
and also from a pool ofCulicoides brevitarsis collected on 6th December, 1976, at Peachester, Queens-
land (152.53E; 26.51S). It was subsequently isolated a further eight times from C. brevitarsis collected at
Peachester and twice from the biood of healthy cows at Camden and Tam worth in New South Wales.
A second member of this group designated CSIROl 50 (Douglas virus) was isolated from the blood
ofa healthy cow from Douglas Station (I4I.27E; 13.38S). The cow was bled on 23rd June, 1978. The
third virus, CSIROl53 (Tinaroo virus), also a Simbu group virus, was isolated from a pool of 29 C.
brevitarsis collected at Kairi, Queensland (145.33E; 17.13S) on 23rd and 30th October, 1978. No
further isolations have been made of either Douglas or Tinaroo viruses.
All three viruses were first isolated in rolled Baby Hamster Kidney (BHK21) tissue culture mono-
layers and later adapted to mice. It was subsequently shown that Peaton virus could be isolated from
insects by the intracerebral inoculation of day-old mice.
Using a microneutralization test described for Akabane virus (Cybinski.St. George and Paull, 1978)
and adapted by substitution of the relevant viruses, a preliminary survey of cattle sera tested at 1/4
showed that the incidence of antibodies to each of the three viruses lies within the distribution of C.
brevitarsis in Australia as shown by Murray (1975) modified by Cybinski, et al., (1978). Antibodies to
Douglas virus were detected in New Guinea cattle in contrast to all the other members of the Simbu
group so far tested.
Full serological surveys are presently incomplete, but the relative prevalence of neutralizing anti-
bodies in some domestic animal species to 6 of the Simbu group viruses is shown in Table 1. The values
given refer to the number of animals found to have antibodies (numerator) and the number tested
(denominator). The species tested for antibodies came from various parts of Australia, but mainly from
areas where antibodies to the viruses have been detected in cattle.
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Pea ton Virus: a New Simbu Group Arbovirus 
Isolated from Cattle and Culicoides hrevitarsis in Australia 
T. D. StGeorge/ H. A. Standfast,A D. H. Cybinski,A 
Cheryl Filippich8 and J. G. Carley8 
A Division of Animal Health, CSIRO, Long Pocket Laboratories, 
Private Bag No. 3, P.O. Indooroopilly, Qld 4068. 
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Abstract 
A new member of the Simbu group of arboviruses, for which the name Peaton virus is proposed, 
has been isolated from midges and cattle in Australia. Nine isolates were obtained from 101 pools 
of the biting midge Culicoides brevitarsis collected at Peachester, Qld, (26 ·51 °S., 152· 53°E.) between 
30 November and 8 December 1976. Three isolations of the same virus were made from the blood 
of sentinel cattle collected at Grafton and Tamworth, N.S.W., on 20 January and 13 April 1977, 
respectively. Peaton virus was shown to be a member of the Simbu group of arboviruses by com­
plement-fixation tests using antisera prepared against Australian strains of Akabane and Aino 
viruses. It was readily distinguishable from these viruses in cross-neutralization tests in tissue 
cultures and mice. A serological survey of sentinel cattle showed that neutralizing antibody was 
detectable only in cattle within the recorded limits of the suspected vector C. brevitarsis. Neutralizing 
antibody in blood serum was detected in 22 of 157 sheep, 21 of 137 horses, 7 of 18 buffaloes, 7 of 
20 goats and 3 of 62 pigs, but not in 22 camels, 34 dogs, 3 cats, 76 human beings, 240 marsupials, 
19 reptiles or 31 wild birds. The pathogenicity of Peaton virus has yet to be determined. The Yale 
Arbovirus Research Unit and the Center for Disease Control, Fort Collins, U.S.A., found that 
Peaton virus was distinguishable from all other Simbu group viruses and thus is a new virus. 
Introduction 
In recent years arboviruses of the Simbu group (Bunyaviridae) have been recognized 
as pathogens of livestock. Of this group, two viruses, Akabane and Aino, were 
isolated in Australia in 1968 (Doherty et al. 1972). However, little attention was 
paid in Australia to Akabane virus until Hartley et al. (1975), following the lead of 
Kurogi et al. (1975) in Japan, associated it with congenital arthrogryphosis-hydranen­
cephaly in calves. Since then, Coverdale et al. (1968) have provided serological 
evidence that Aino virus was associated with a similar syndrome in the New England 
area of New South Wales in 1976. 
A number of viruses, other than Akabane, was isolated from insects in late 1978 
in the course of a project designed to gain more field evidence on the relationship 
of cattle and insects with Akabane virus (StGeorge et al. 1978). Further investigation 
of these viruses allow us to report the isolation in Australia of a third virus of the 
Simbu group. Some facets of the epidemiology of this virus have been explored, 
but no attempt has yet been made to determine its pathogenicity. The detailed study 
of the virus itself will be the subject of a separate communication . 
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Materials and Methods 
Insect Collections at Peachester 
Insects were collected by light traps, animal bait collections and truck traps on a farm and 
surrounding roads at Peachester, Qld, I 00 km north of Brisbane, on 12 nights between 24 November 
and 8 December 1 976. Poor weather prevented collections on the remaining nights. The insects 
were identified and sorted into species pools the morning after collection. They were then prepared 
for suckling mouse or tissue-culture inoculation by methods described by St George et al. (1 978). 
Virus Isolations from Sentinel Cattle 
For some years, blood samples have been obtained from cattle in various sentinel herds scattered 
throughout Australia in a pattern described by St George et a!. (1 977). The blood samples were 
collected from the same identified cattle a number of times during a year. The interval between 
samples varied considerably. Many herds were bled monthly, some quarterly, and others less often 
because of local circumstances. The scheme provided for a new group of animals to be bled each 
year so that susceptible animals would become available to replace those which may have been 
infected by arboviruses. The group size in a particular herd was 1 0-20. One of these sentinel herds 
was located at Grafton, N.S.W., and another at Tamworth, N.S.W. The samples arrived in some 
instances as separated serum, but in most cases with the clot and serum in the one bottle. Since 
August 1 976, about 0 · 25 ml of serum and cells from the base of the clot have been cultured in baby 
hamster kidney tissue cultures (BHK21 , Macpherson and Stoker 1 962) in roller tubes. The technique 
of cell preparation was essentially that of French and St George (1 965). The medium was changed 
to Eagle's Basal Medium (C.S.L., Melbourne) plus 3 %  (v/v) foetal calf serum a day later. 
All tissue cultures were scraped down, pooled, and passaged 7-1 0  days after inoculation if no 
specific changes were noted up to the time they degenerated with age. This procedure was repeated 
at least once more. Where cytopathic effect (CPE) in a cell sheet was noticed earlier, the particular 
cell sheet was passaged separately. 
Sentinel Herd at Peachester 
Blood samples were obtained from 12 heifers aged 7-1 7  months in one sentinel herd at Peachester 
(26 ·5 1 °S., 1 52· 53°E.) about 1 00 km north of Brisbane. The heifers were bled at various intervals: 
weekly, from 22 August to 30 September 1 976, twice weekly until 1 8  November, then daily for 
1 5  days, then again weekly until 25 March 1 977. The blood samples were cultured in BHK21 tissue 
cultures for virus and the separated sera assayed for specific antibodies as described below. Certain 
sera from an accumulated bank of samples collected from sentinel herds of cattle, plus serum samples 
from other species bled on a single occasion, were tested for antibody in a microneutralization test 
described below. 
Antiserum Preparation 
A specific antiserum against one isolate, designated CSIRO 1 1 0, of the new virus was prepared 
in rabbits by giving a series of three intramuscular injections with a mixture of virus and Freunds 
complete adjuvant (C.S.L., Melbourne) at weekly intervals, and then one intravenous injection with 
virus alone 4-6 weeks later. The rabbits were bled after 7-1 0  days and the serum stored at - 20°C. 
The antiserum against CSIRO 1 1 0 virus and others prepared similarly against Akabane and Aino 
viruses were used in cross-neutralization tests in tissue cultures and mice. 
Serum Neutralization Tests 
A microtitre neutralization test was developed in sterile Cooke flat-bottomed microtitre plates 
(Cooke Engineering Co., U.S.A.) using Vero cells at a concentration of 2x 1 05 cells/mi. Medium 
1 99 plus 1 0 %  (v/v) foetal calf serum was used as diluent throughout the test. 
Survey sera were diluted I :4 before testing, but the hyperimmune rabbit serum was used undiluted 
as well as being titrated in twofold steps. All sera were inactivated by heating at 5 6°C for 30 min. 
Similar tests on all sera were carried out with Akabane virus (strain R7949) and Aino virus (strain 
B7974), both of which were isolated by Doherty et at. (1 972). 
The tests were conducted in duplicate. Serum controls were included with each individual serum 
tested to check for cell toxicity. Known positive and negative sera were titrated as part of the controls 
Isolation of Pea ton Virus 
for each day's test. To each 0 · 025 ml of a 1 :4 dilution of serum in a flat-bottomed well in a micro­
titre plate was added an equal volume of diluent which contained 300 50 % tissue-culture-infective 
doses of the CSIRO 1 1 0 or CSIRO 1 33 isolates of Peaton virus. After incubation for 45 min at 
37°C, 0 · 1  ml of diluent containing Vero cells was added to the mixture which was then covered 
with paraffin oil which had been sterilized by filtration. Titration of serum was carried out in micro­
titre plates using 0· 025 microdiluters (Cooke Engineering Co. ,  U.S.A.) and allowing four wells per 
dilution. 
After incubation for 5 days at 3TC, the wells were examined for CPE. A serum was taken as 
positive for antibody if CPE was completely prevented, and negative for antibody if CPE was present. 
Antibody titres were calculated by the method of Reed and Meunch (1 938), and are expressed as 
reciprocals of the dilution of the serum.added to the well. 
-Identification of the Virus 
One isolate, CSIRO 1 1 0, was adapted to suckling mice and, together with antisera prepared 
in rabbits and mice, was forwarded to the Queensland Institute of Medical Research, in its role as 
a regional reference laboratory of the World Health Organization, for comparison with other 
Australian arboviruses. A complement-fixing antigen was prepared there and tests carried out with 
it by standard techniques as described by Doherty et a/. (1 975). An attempt was made to produce 
a haemagglutinin by sucrose-acetone extraction of infected mouse brain as described by Doherty 
et al. (1 975). The virus was later forwarded to the Yale Arbovirus Research Unit, and from there 
to the Center for Disease Control, Vector Borne Diseases Division, Fort Collins, Colorado, U.S.A., 
for comparison with the full range of Simbu group viruses. 
Results 
Insect Collections at Peachester Farm 
C. brevitarsis was the dominant biting midge in the collections. From 11 truck 
trap collections, 3783 females and 6690 males were processed. Six animal bait 
collections yielded 870 C. brevitarsis while 693 were taken in 16 light trap collections. 
Other species of insects collected were C. bundyensis, C. victoriae, C. antenna/is, 
C. cuniculis and C. marksi, all in very small numbers, plus a total of 21 mosquitoes 
of the species Culex annulirostris, C. bitaeniorhynchus and Manso nia uniformis. 
Virus Isolations 
Thirteen isolations of viruses were made in suckling mice from 101 pools of 3783 
female Culicoides brevitarsis collected at Peachester between 30 November and 
8 December 1976. Of these 13 isolates, 3 were Akabane virus, 1 was a rhabdovirus 
as yet unidentified, and 9 were isolates of a single 'new' virus. One of these nine 
isolates was designated CSIRO 110. Six of the nine new viruses were also isolated 
in BHK21 tissue culture as well as in mice. Two of the six tissue-culture isolates 
did not produce CPE in the tissue-culture tubes originally inoculated but did so only 
on passage. The remaining four isolates produced CPE as small foci which developed 
on the fifth day post-inoculation. These foci did not extend on subsequent days, but, 
on the contrary, decreased in size so that in a further 3 days the cell sheet appeared 
normal when compared with control cell sheets of the same age. When the cell sheet 
was passaged after it became apparently normal, no CPE was detected in tissue 
cultures to which it was passaged up to three further times. Virus did transfer wtih 
supernatant fluid if it was removed at the time foci were present. Nine of the isolates 
of the new virus were obtained from parous female C. brevitarsis collected between 
30 November and 8 December 1976 from a total of 5346 collected in the whole 
trapping period. Four of these isolations were made from 1498 female C. brevitarsis 
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collected in truck trap collections made on 7 and 8 December 1976. No isolations 
of virus were made from 6690 male C. brevitarsis from the same collections. 
Three isolations of the same virus were made in BHK21 tissue cultures from the 
blood of three normal heifers in sentinel herds : one in a herd located at Grafton 
(isolate CSIRO 133) and two in the herd at Tamworth, N. S.W. CPE was noticed 
between the seventh and ninth days after inoculation of the BHK21 tissue cultures. 
The blood samples were collected on 20 January and 13 April 1977, respectively. 
Each of the donor animals had neutralizing antibody to CSIRO 133 virus in a blood 
sample collected 14-21 days after virus isolation but not in the serum samples collected 
at the time when virus was demonstrated to be present in the blood. 
The common identity of the insect and cattle isolates was initially suggested by 
the use of paired serum samples from the animal from the Grafton sentinel herd 
from which CSIRO 133 virus was isolated. These results were later confirmed with 
specific rabbit antisera. 
Simbu Group Relatio nship 
The sucrose-acetone extract of mouse brain infected with the CSIRO 110 strain 
of virus did not agglutinate gander cells. It did fix complement in the presence of 
homologous antiserum, and also in the presence of antisera to two members of the 
Simbu group, Akabane and Aino viruses. This relationship with the Simbu group 
was confirmed by reciprocal complement-fixation tests. In contrast, no fixation of 
complement occurred when antisera against D' Aguilar, Warrego, Walla! and 
Mudjinberry viruses isolated from biting midges in Australia were tested. 
Table I. Tissue-culture cross-neutralization tests to Peaton, Akabane and Aino viruses 
Values are the reciprocal dilutions of serum which neutralized the dose of virus shown 
in parentheses 
Virus 
Peaton (300 TCID50) 
Akabane (100 TCID50) 
Aino (300 TCID50) 
Rabbit antiserum prepared with 
Peaton virus Akabane virus Aino virus 
> 256 
< 1  
< 1  
< 1  
> 256 
< 1  
< 1  
< 1  
> 256 
The comparison of the new virus with Akabane and Aino viruses in the tissue­
culture microtitre neutralization tests is shown in Table I .  Similar results were 
obtained with neutralization tests in suckling mice in which the homologous antiserum 
had a neutralizing index of 3 · 0 or greater, but no cross-neutralization occurred. These 
results show that the virus is a member of the Simbu group of arboviruses, but is 
readily distinguishable from Akabane and Aino viruses by neutralization tests. The 
name Peaton virus is advanced as a provisional name for this virus and is used to 
facilitate further description and discussion. 
At the Yale Arbovirus Research Unit, Peaton virus was found by cross-neutraliza­
tion tests to be distinguishable from all other Simbu group viruses. The report from 
the Center for Disease Control, Colorado, stated that, from complement-fixation and 
neutralization tests, Peaton virus appears to be a new member of the Simbu group 
of viruses related to Sango virus (Calisher, personal communication). Sango virus 
is a Simbu virus isolated from cattle in Nigeria (Causey et a!. 1972). 
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Sentinel Herd at Peachester Farm 
No isolations of Peaton virus were made from blood samples from the Peachester 
herd. All of the sentinel group of 12 animals bled at Peachester developed antibody 
to Peaton virus between I December and 23 December 1976. There were two or 
three negative serum samples from each of these animals before the first date on which 
antibody to Peaton virus was detected. The time of antibody response in most 
individual animals could be estimated only approximately, as only a limited series 
of sera were available. The first animal developed antibody on 1-2 December and 
the last between 15-23 December J 976, that is, in a total time span of 2-3 weeks. 
Fig. 1. Distribution of neutralizing antibodies to Peaton virus in sentinel cattle 
in relation to the southern limit (- - -) of Culicoides brevitarsis. Hatched areas 
represent desert which is free of domestic livestock. • Antibody detected ; o no 
antibody detected. 
Fig. I shows the location of herds from which cattle serum was collected for testing 
for antibody to Peaton virus. The herds in which a change in antibody status from 
negative to positive for antibody to Peaton virus (seroconversion) occurred during 
the period of testing, and the time interval over which seroconversion took place, 
are shown in Table 2. In the sera which were titrated the titres ranged up to 64, with 
90 % reaching a titre greater than 16. No antibody was detected in 137 serum samples 
from three herds in Papua New Guinea. Some sera collected much earlier were tested 
to establish whether Peaton virus was new to Australia or not. Of 41 cattle sera 
collected in 1970, 18 contained antibodies to Peaton virus . 
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Serology of Other Species 
Neutralizing antibody was found in sera from 22 of 127 sheep, 21 of 137 horses, 
7 of 18 buffaloes, 7 of 70 goats and 3 of 62 pigs, but not in 22 camels, 34 dogs, 3 cats, 
76 human beings, 240 marsupials, 19 reptiles or 31 wild birds. 
Discussion 
Table 2. Occurrence of seroconversion of herds 
Location of sentinel cattle is shown, and the time interval during 
which seroconversion to Peaton virus occurred at these locations 
Location 
Northern Territory 
Douglas Daly ( 1 3  · 5 1 °S. ,  1 3 1· 1 3°E.)  
Victoria River ( 1 6· 24°S. ,  1 3 1 ·01 °E.) 
Queensland 
Julia Creek (20 ·01 °S . ,  141· 5 6°E.) 
Lowmead (24 ·32°S. ,  1 5 1· 45°E.) 
Peachester (26· 5 1 °S . ,  1 52 ·53°E.) 
New South Wales 
Scone (32· 03°S . ,  1 50 ·52°E.) 
Singleton (32 · 34°S. ,  1 5 l ·l 0°E.) 
Paterson (32 ·44°S. ,  1 5 1 ·34°E.) 
Williamtown (32 ·49°S. ,  1 5 1 ·50°E.) 
Camden (34· 03°S. ,  1 50· 42°E.) 




3 . ix.77-7.x.77 
28.vi.74-6.iii .75 
5 . iv. 77-2 1 .vi .77 
2.xii.76-1 3 . i .77 
21 .ii .  77-29.iii. 77 
22.ii.77-6.iv.77 
23.ii .77-29.iii.77 
1 3 .xii. 76-3 l .iii . 77 
2l .ii.77-14.iii .77 
5.v.77-30.vii .77 
Pea ton virus appears to be a new member of the Simbu group and is of particular 
interest to Australia. The comparison with the other members of the Simbu group 
at the Center for Disease Control at Fort Collins has shown it to be distinguishable 
from all other members of the Simbu group (Calisher, unpublished data) though 
related to Sango virus. We have proposed the name of Peaton, which is an amalgam 
of the names of the localities from which the first cattle and insect isolates came. 
Though it is customary to name arboviruses according to the area from which they 
are first isolated, this practice can produce social or economic problems if the viruses 
are later found to be pathogenic. 
The range of vertebrate species in which antibody to Peat on virus has been detected 
so far is narrower than that for Akabane virus, but the general pattern is similar in 
that domestic animals are infected rather than marsupials or human beings. Much 
more serology remains to be done to define the vertebrate host range. 
There were more isolations of Peaton virus made from insects in suckling mice (9) 
than in BHK21 tissue cultures (6). However, the tissue-culture method in use may 
not have been optimal at that time as it was still being developed. Each of the three 
isolations from the blood of cattle was made in BHK21 tissue cultures but was not 
attempted in mice, so that no comparison can be made of the relative efficiency of 
the two methods for isolation of Peaton virus from blood. 
C. brevitarsis occurs in Papua New Guinea (Murray 1975) but the cattle sera from 
there did not have Peaton antibody. This is a similar situation to that found with 
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other members of the Simbu group of viruses, namely Aka bane virus (Cybinski et al. 
1978) and Aino virus (Doherty et al. 1973 ; Cybinski and St George 1978). Within 
Australia, the distribution of Pea ton antibody in cattle falls largely inside the known 
limits of the suspected vector C. brevitarsis (Fig. 1). 
Two positive sites (Temora and Wentworth) lie outside the known limits of 
C. brevitarsis. Temora, it was suggested (Della-Porta et al. 1976), is within the range 
of C. brevitarsis in exceptional seasons. The one positive animal at Wentworth 
seroconverted during a period (May-July) when insect activity would be expected 
to be minimal (Dyce and Standfa_st, unpublished data), while the herd was 700 km 
from the nearest known centres of C. brevitarsis activity. 
The results from the studies of insects collected at Peachester give a more direct 
association between the infection of C. brevitarsis and cattle with Peaton virus. The 
insects were all collected within a radius of 2 km of the cattle. Thus virus was detected 
in the midges between 30 November and 8 December and infection of cattle, as 
judged by serology, probably began some days prior to 30 November and continued 
for 2-7 weeks. No Peaton virus was isolated from the daily blood samples from the 
sentinel heifers cultured between 18 November and 2 December. Infection of both 
C. brevitarsis and the same group of sentinel cattle with Akabane virus was detected 
immediately prior to the period when Peaton virus was detected (St George et al. 
1978). Though the studies were not definitive, it appears that Akabane virus infected 
the sentinel cattle in this herd over a period of approximately 1 month followed by 
Peaton virus as a separate wave over a period of 2-7 weeks. Infection of the sentinel 
cattle with Akabane virus and the development of antibody to this virus did not 
prevent infection of the same animals with Pea ton virus and the subsequent develop­
ment of high titres of antibody to Peaton virus. 
Peaton virus does not appear to have a significant antigenic overlap with Akabane 
and Aino viruses as judged by cross-neutralization tests with rabbit antisera. 
The timing of seroconversion of the herds listed in Table 2 is in accord with what 
is known of the seasonal variation in abundance of C. brevitarsis (Dyce and Standfast, 
unpublished data). Populations peak in the late summer in the southern coastal areas 
while peak densities are reached during winter in the north. 
The virus infection (both Akabane and Peaton) in the cattle at Peachester farm 
followed an apparent marked increase in numbers of C. brevitarsis in the area. One 
possible explanation for the appearance of the virus could be transovarial transmission 
in the insect vector. If this virus followed the pattern of another Bunyavirus, La 
Crosse virus (Beaty and Thompson 1975), up to 1 %  of the insects might be expected 
to be positive for virus if transovarial transmission had taken place. To test the 
hypothesis, male C. brevitarsis, which do not take a blood meal and could only 
become infected transovarially, were processed for virus isolation and compared with 
females, which were judged to be parous (Dyce 1969) and therefore had taken a blood 
meal, from the same collection. No virus was isolated from the 6690 males processed 
while four isolations were made from the 1498 females. We cannot therefore advance 
any evidence to support the hypothesis of transovarial transmission in this instance. 
At present, nine isolations of Peaton virus from C. brevitarsis have been made, 
a total which equals the combined totals of six isolations of Akabane virus (Doherty 
et al. 1972 ; Standfast, unpublished data) and three of Aino virus (Doherty et al. 
1972) from that insect. Thus the evidence that C. brevitarsis is the important vector 
of Peaton virus is approximately the same as has been advanced in Australia for 
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the other Simbu group viruses, particularly for Akabane virus (Della-Porta et a!. 
1 976 ; Cybinski et a!. 1 978a) . To prove that C. brevitarsis is a vector of Peat on virus 
requires direct experimentation under laboratory conditions. 
No evidence of the pathogenicity of Peaton virus is yet available from field or 
laboratory studies. Thus we have one more arbovirus 'in search of a disease' .  Its 
status as a pathogen can be more readily assessed now a serological test is available. 
All precolostral samples collected from calves or Iambs with congenital arthrogry­
phosis-hydranencephaly should be examined for antibody to all three of the Simbu 
group viruses now recognized in Australia to determine whether the new member is 
involved as a cause of this syndrome. 
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The reasons for the occurrence of congeni tal abnorma l i t i es of catt l e  i n  
the New Eng l and area were not known before our i n vesti gations . We 
suspected that topography had an i n f l uence on the occurrence . The 
surveys whi ch form the bas i s  of this paper were p l anned by Mr . St .George 
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f i rst serol ogi cal survey was based on pure specu l at ion and the others 
f rom the out l i ne i nformati on provi ded by the f i rst survey . The c l i n i cal 
and pathol ogi cal observations were made by me , or organi zed by me . The 
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A STUDY OF THE INVOLVE11ENT OF THREE SIMBU GROUP ARBOVIRUSES 
IN BOVINE CONGENITAL ARTHROGRYPOSIS AND HYDRANENCEPIIALY 
IN THE NEW ENGLAND AREA OF NEW SOUTH WALES 
O . R .  COVERDALE'• , D . H .  CYBINSKit and T .D .  ST . GEORGEt 
Aka bane virus and Aino virus of the Simbu group of arboviruses , isolated 
in  Australia by Doherty et a l .  (1972) , have been incriminated with causing 
congenital arthrogryposis}hydranencephaly (AG/HE) syndrome in calves . Aka bane 
virus has been linked with the syndrome in Japan (Miura et al. 1974; Kurogi et 
� 1975 ) ,  Australia (Hartley � � 197 5 ;  Shepherd 1978) and I s rael (Trainill 
1974 ,  cited Inaba � � 1975 ) .  The first report of high :levels of serum 
antibodies to Aino virus in �G/HE calves was in Australia 1976 (Coverdale et 
� 1978) . -
The northern tablelands of New South Wales is a plateau with an altitude 
of 1000-1400 m. The plateau is about 250 km long in a north south direction; 
about 80 km wide at  the southern end narrowing to about 30 km- at  the northern 
end . On the eastern side the tablelands drop suddenly in an escarpment to the 
coastal plains , which have an altitude rising from sea level to -300 m. On the 
western side the fall  is quite sharp to an altitude of about 800 m. The 
country then drops away gently westward to an altitude of about 200 m (Fig.  
l )  
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Fig.  1 .  The topography of the New England Plateau. This figure shows east­
west topographical profiles of the northern tablelands of New South Wales and 
demonstrates the plateau (Fig . from Lea � � 1977) This figure is 
reproduced with the permission of Pro f .  D.A.  Lea . 
The tablelands is an area used for intensive farming. Within this area 
there are approximately 3 , 300 conunercial beef cattle herds with a total of 
�': NSW Department of Agriculture , Regional Veterinary Laboratory, Private Mail 
Bag ,  Armidal e ,  New South Wales 235 0 .  . . . 
t CSIRO, Division of Animal Health, Long Pocket Laborator�e s ,  Pn.vate Bag N o .  
3 .  P . O . , Indooroopilly,  Queensland 4068. 
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732 , 000 cattle . During the 1976 calving season, there was an outbreak of 
AG/HE on the tablelands . The pathological and serological study of  30 clinic­
al  cases from that outbreak showed that both Akabane virus and Aino virus were 
involved in the syndrome (Coverdale � � 1978 ) .  
A serological survey was initiated i n  1976 to explain the clustering of 
these cases in the New England plateau. The explanation given , for the much 
larger outbreaks to the south of Sydney in 1974 , \-.'as that a boundary effect. 
applied,  that i s , that climatic effects caused a fluctuation in the distribu­
tion of the suspected vector of Akabane virus , Culicoides brevitarsis (Della­
Porta � � 1976) Since the New England area lies some hundreds of kilomet­
res north of the southern boundary of this vector in any year (Murray 1975) , 
an explanation related to the local distribution of the vector or virus was 
sought . 
Materials and Methods 
Surveys were conducted in 1976, 1977 and 1978 to determine the distribu­
tion of serum neutralising antibodies in the cattle population of the northern 
tablelands . 
Survey ! - 1976 Farms were selected at approximately 20 km intervals a long 
the 3 highways that transect the tablelands (Figure 2)  Sampling in the east­
west direction was from the coastal plain up and over the tablelands and out 
onto the western plains . The highway running in the north-south direction 
closely follows the line dividing the eastern fall from the western fall .  
This dis tribution resulted i n  2 8  farms being selected for sampling. Four 
animals from each of 3 age group s :  yearlings , 2 year olds and 3 year olds , 
which had been bred and reared on the farm, were sampled.  The sera collected 
were submitted to the various serum neutralisation tests (Cybinski et a l .  
197 8 ;  Cybinski and St . George 1978) . 
- -
Survey !.!_ - 1977 A more comprehensive survey based on a 16  km grid was used 
to give a blanket coverage of the tablelands . This method resulted in the 
selection of 59 farms . On this occasion, only 9-12 month old cattle were 
sampled as they were considered a more precise indicator of virus activity 
during the one swnmer/autumn season in which they may have been exposed to the 
virusP� . 
Survey I..!..!. - 1978 This was a repeat of the 1977 survey but only 56 farms 
could be resampled . 
.Clinical Cases 1978 During the 1978 calving season, there were widespread 
and heavy calf losses due to AG/HE syndrome . Fifty calves were sampled during 
the period , and serum and/or cerebrospinal fluid was obtained for serological 
testing . The calves submitted for autopsy were checked to ascertain that they 
had not received colostrum. The extent of the arthrogrypotic lesions was 
recorded . The main interest was centred on the involvement of the brain and 
spinal cord and these we carefully assessed at autopsy The cranium was 
removed to expose the brain, and where there was evidence of hydranencephaly 
or porencephaly,  a sample of cerebrospinal fluid (CSF) was collected . The 
brain was then removed and fixed in 10% buffered formal saline . The spinal 
cord was removed only from selected cases with varying degrees of arthrogry­
potic lesions . and also fixed. Sections for histological examination were 
prepared by conventional methods and stained with haematoxylin and eosin. 
Results 
Survey I and Survey I I  (see Figures 2 and 3) both showed that a large 
area of the tablelands was free of Akabane virus and Aino virus during 1976 
and 1977 surruner/auturnn period. Survey III showed that the a ctivity of the 
viruses during the sununer/autumn of 1978 had changed dramatically (Fig. 4) 
The results of the 3 surveys are summarised in table l .  The 1976 figures 
showed that Akabane virus was much more widespread than in the subsequent 2 
years while the reverse had occurred with Aino virus . The serological results 
132. 
F�- 1976 Survey . Nap of north eastern New South Wale� , showing the high­
ways that transect to tablelands survey area . The unhatched area shows the 
non-endemic island. �- 1977 Survey and 1978 arthrogryposis/hydranenceph­
aly.  This map shows that the nail-endemic area (unshaded) covers the plateau 
area of the tablelands . The dots mark reported cases of AG/HE in calves from 
the 1978 outbreak in relation to the 1977 summer/autumn survey of neutralising 
antibodies to Akabane, Aino and Peaton viruses in yearling cattle .  
� 197 8 .  Distribution of antibody to  Aino virus almost completely covers 
the tableland s .  This result complements the serological finding in the 1978 
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on sera obtained from 30 clinical cases in 1976 showed that 25 calves had 
neutralising antibody to Aka bane virus , 4 had neutralising antibody to Aino 
virus and one calf had no antibody to the 3 viruses .  The serological results 
on sera from clinical cases in 1978 show that 22 calves out of 50 had neut­
ralising antibody to Aino virus (Table 2) 
Pea ton virus was very much less active in 1978 , 
the number of animals with antibody to that virus . 







Surveys conducted in 197 6 ,  1977 and 1978 comparing the number of 
9-12 month old animals with neutralising antibodies to Aka bane, 
Aino and Peaton viruses 
No . Surveyed Aka bane 
No . % 
139 46 33 . 0  
293 40 13 . 6  
280 34 1 2 . 0  
Aino 
No . % 
18 1 3 . 0  
1 7  5 .  8 
81 28 . 9  
Pea ton 
No . % 
19 l3 . 6  
41 1 3 . 9  
6 2 . 0  
The 50 calves from which serum and/or CSF samples were obtained i n  1978 





Total number of calves from which serum and/or cerebrospinal fluid 
was submitted to serological testing (1978 calving season) 
Titre to Akabane Titre to Aino 
virus only virus only 
12 22 
24% 44% 
Titre to Akabane 






The first reported case of AG/HE was on 13 July 1978 and the last on 17 
October 1978 .  Table 3 shows the number of calves received during each month 
and to which virus they showed antibody reaction. As expected , most cases 
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TABLE 3 
Distribution in time of the 50 cases submitted to 
serological testing (1978 calving season) 







Titre to Aino Titre to Akabane 













The number of calves showing gross pathological lesions , and associating 
them with the virus to which an antibody reaction had occurred, is shown in 
Table 4. The nwnbers of calves with arthrogryposis or hydranencephaly are 
very similar in both the Akabane group and the Aino group . The major varia­
tion is in the Aino group where 50% of the calves had AG/HE. 
No gross lesions were found on autopsy, in 6 calves which were clinically 
depressed ,  dopey and unaware of their surroundings . Two of these cases had a 
titre to Aka bane virus , while the 4 other calves were negative to the 3 
viruses . 
A closer examination of the lesions described in Table 4 enables a fur­
ther break down indicating much greater variability in the lesions between the 
Aka bane group and the Aino group (Tables 5 and 6 ) .  
TABLE 4 
The comparison of lesions between the calves with antibodies 
to Akabane and Aino viruses 
- - - - - - - -----------------
Lesions 
A rthrogrypos is 
Hydranencephaly 
AG/I!E 










Titre to Titre to Negative 
Aino Akabane all 











Differentiation of lesions in the 12 calves with antibodies 
to Akabane virus 
Lesion No . of Calves CorMJent 
Complete loss of cerebral 
hemispheres One with AG of knees 









• ______________ _____________ _ 
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In the Aka bane group , the hydranencephaly consisted of complete replace­
ment of cerebral hemispheres , by fluid held within the meninges . Arthrogry­
posis also varied remarkably between group s .  The Akabane group had 6 cases of 
arthrogryposis but they were all of  a mild nature and only involving the front 
legs , the knee joint in particular. In the Aino group , the hydranencephaly 
consisted of a unilateral area of cavitation of the cerebrum in 9 cases or 
41%. These 9 cases included the 8 with hypoplasia of the cerebellum and the 
3 cases of microencephaly . The AG/HE was severe involving more than one limb. 
The lesions were usually bilateral and involvement of the pelvis and vertebral 
column occurred in  the more severe cases (Table 6) 
TABLE 6 
D ifferentiation of lesions in the 22 calves with antibodies to Aino virus 
Lesion No of Calves 
Severe AG/I!E ll 
Arthrogryposis 6 
Hydranencephaly 5 
Unilateral cavitation in cerebrum 9 
Microencephaly 3 
Cerebellar hypoplasia 8 
Comment 
More than one limb affected 
No arthrogryposis 
Thirteen of  the calves submitted had no serum neutralising antibodies to 
Akabane , Aino or Peaton viruses . The frequency and distribution of gross 
lesions in  these calves is shown in Table 7 
TABLE 7 
Differentiation of gross lesions in the 13 calves which had 





Unilateral cavitation of cerebrum 
Cerebellar hypoplasia 
Small emaciated calves 
No gross lesions 








The gross lesions that have occurred are similar to those found in calves 
with neutrali sing antibody to Akabane virus or  Aino virus , but the combination 
of lesions i s  not similar to either of  the other group s .  The results showed 
that 31% of cases had no gross lesions at autopsy. The clinical abnormal ity 
of these calves may have been due to other unidentified teratogeni c  agent s .  
The comparison of serological results of sera obtained from cows , and 
those obtained from calves 1 shows some interesting variations . None of the 
cows tested were negative to the 3 viruses , but 13 of the calves "·ere 
negative . 
The comparison of the serological results of cows to the i r  calves shows 
where neutral i sing antibody to a single virus occurred in the cow 1 a similar 
reaction was found in the cal f .  Where a mixed infection occurred in the cow 
there were variable results in the calf (Table 8) . 
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TABLE 8 
Comparison of serological results of cows to their calves 
Calf 
Virus Cow 
Aka bane Aino Aka bane & Aino Negative 
Aka bane 8 8 
A ina 8 7 1 
Aka bane & Aino 15 10 4 
Aka bane , Aino & Peaton 3 1 1 
TOTAL 34 18 
In  this particular outbreak of AG/HE, 66% of affected calves from cows 
with neutral i sing antibody to both Akabane virus and Aino virus , had neutral­
ising antibodies to Aino virus only. Six calves were negative to the 3 vir­
uses , but their dams had serum neutral ising antibody to one or  more of the 
viruses. 
Discussion 
The 3 surveys were conducted in the winter period in order to demonstrate 
the activity of Akabane, Aino and Peaton viruses during the 3 previous swruner/ 
autumn periods of 1976,  1977 and 197 8 .  The results of the first 2 surveys 
showed a large area in which the sampled cattle were all antibody negative to 
the 3 viruses . This area formed an island within a surrounding area in which 
there was a high percentage of cattle with neutralising antibody to the three 
viruses . Survey III (1978) indicated that there had been a more widespread 
activity of Aino virus in the 1978 summer/autumn period . In the subsequent 
1978 calving season , there were heavy calf losses due to the AG/HE Syndrome . 
The plotting of .the position of these reported cases indicated that the 1977 
survey results were remarkably accurate , the cases being located near the 
margin where infection apparently occurred in the previous season (see Map 
II)  Tl.e. 1.1ost intere:.t.ing point to .J<Jt� is th .. t th..:: reported cases tended t.l 
occur in localised foci involving one or two propertie s .  This raises a few 
hypotheses as to how the insect (first thought to be the vecto r ,  Culicoides 
brevitarsis by Doherty et a l .  1972) , apparently spreads virus in an area 
which has been free o f  thosi"V""iruses for 2 or  more years . The possibilities 
are : -
1 . Infected vectors being carried i n  from the surrounding endemic areas 
on the prevailing winds . 
2. The vector being transported on thermal currents over great dist-
ances and being dropped onto the highlands in restricted areas .  
3 .  The introduction o f  cattle,  i n  a viraemic state , from outside the 
area leading to infection of a resident vector population. 
The controversy that arises is the fact that an infected ,  non-immune 
animal rapidly produces antibody and virus can no lon�er be r�covered from a 
reference blood sample collected about 10 days after 1noculat1on. The ques­
tion remains - where do the C. brevitarsis become infected and what is the 
natural reservoir of the virus In the endemic area? 
There were differences in the gross pathological lesions seen in th
e 
clinical cases of AG/HE in 1976 to 1978.  In 1976,  as repo
rted by Coverdale et 
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al . (1978 ) , 25 of 30 calves had severe hydranencepha'ly and no evidence of 
arthrogryposi s .  All these animals had neutralising antibody to Aka bane virus 
but not Aino or  Pea ton viruse s .  In the 4 calves with neutralising antibody to 
Aino virus , the gross lesions were identical to the lesions seen in the calves 
with positive titres to Aino virus in 1978.  
In  a few cases with hydranencephaly,  there was evidence of  fibrosed blood 
vessels traversing the cystic area . This finding indicates that a possible 
liquifactive necrosis has occurred destroying the brain parenchyma , the des­
troyed cells being replaced by flui
.d .  
In these 2 outbreaks , the 5 classes o f  lesions reported in the 1974 out­
break on the southern tableland of New South Wales (Hartley et a l .  1977) were 
not seen . In 1978 , differences between the lesions producedbYthe 2 known 
pathogenic viruses appeared to be relatively easily distinguished (Table 5 and 
7 ) . The relatively high percentage of cases which showed no antibody reaction 
to the viruses under investigation, indicates that there is  still an unknown 
entity. The comparison of lesions in these calves , with those associated with 
Akabane or  Aino virus infection, show some differences to both groups. This 
may well indicate the existence of additional viruses being involved in the 
syndrome . 
A number of these cases may fall into a group of animals infected before 
they were capable of developing an immune response . If  this is the case ,  the 
lesions most closely resemble those produced by Aino virus . Testing for the 
class of irrununoglobulins in the serum could possibly clarify the picture a 
little more . 
The gross lesions described in clinical cases in both 1976 and 1978 
outbreaks , show that there is a distinction in the effect produced by the 2 
known pathogenic viruses . The calves with neutral ising antibody to Aka bane 
virus , only , had an almost complete bilateral loss of cerebral hemispheres 
with fluid replacement. These lesions closely resemble those described by 
Hartley et a l .  (1977)  in his group 4 (that i s ,  calves born early in the 1974 
outbreak) The lesions described in calves with neutralising antibody to Aino 
virus showed a high percentage with combined AG and HE. The HE lesion tending 
to be C;,iVitation or oorencephaly u::;11ally uni� aten. l .  Group 2 of Hartl�y et 
al. ( 1977)  (incoordin'� tion or  mild AG) and the later part of group 4 showed 
similar lesions . 
The comparison of gross lesions described by Hartley � � (197 7) . and 
those described here , reveals some discrepancie s .  These could be due to a 
high percentage of cases with a mixed viral infection or a third pathological 
entity. Our findings tend to indicate that only a small  percentage of calves 
have a mixed infection. 
The 13 calves , which did not have antibodies to either Akabane or Aino 
virus showed lesions that could well fit into group 5 of Hartley � � 
(1977 ) and also group 1. This may again indicate that further pathogenic 
agents for example other Simbu group viruse s ,  are involved in the overall 
AG/I!E syndrome . 
The microscopic lesions in the 3 groups showed a decrease of myelinated 
fibres in  the lateral and ventral funiculi of the spinal cord and a marked 
decrease in the neurones in the ventral horn. 
In the brain there was a universal gliosis in the Akabane virus group as 
compared to a low�r glial cell population than normal in the Aino virus group. 
Perivascular cuffing , with small mononuclear cell s ,  occ.urr.
ed sporadically 
throughout the brains , a lesion which s�owed no pattern w1th1� the 3 group� . 
The blood vessels were always very prom1nent and there _ 
was ev1dence of peri­
vascular oedema . The nuclei of the capillary endothell. � l �ells were �ounded 
indicating some form of insul t .  The finding . a
�d descnpt1ons. of les1ons by 
'n'hittem ( 1957) and Hartley � �  (1977) are s1m1lar to the les1ons we observ-
ed . 
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There were no lesions which distinctly separated the three groups of 
calves , or indicated prediliction to a particular site in the brain .  
There was  a marked increase in stillbirths and abortions during the 1974 
calving season on the southern tablelands (Shepherd et  a l .  1978) No reports 
of similar losses in  1976 or 1978 were noted on the northern tablelands of 
NSW. Further investigations may show that calving percentages do drop in the 
years when AG/HE syndrome occurs . In 1978,  there were 3 reports of AG/HE 
lambs . AG/HE would appear to be uncommon in lambs as the usual j oining period 
is in  late April and May, at a time when most insect activity has ceased in 
the area because of the onset of winter 
Sentinel herds on the western slopes of NSW indicate that the period of 
virus activity is during the months of  February through March (Cybinski et a l .  
1978) Thus , susceptible p regnant cows are most likely infected durifi& the 
second and third month of p regnancy One stud heifer introduced from Victoria 
to the New England Tableland in 197 8 ,  5 months p regnant subsequently produced 
a severely deformed calf .  This indicates that the foetus can be infected late 
in the gestation period and still produce severe lesions . 
Cattle in the sentinel herds (Cybinski and S t . George, 1978) acquired 
antibody to Aka bane and Aino viruses in separate waves . Aino virus appears to 
be in the second wave where only about 60% of animals acquired antibodie s .  
Our results (Table 3)  support this finding and show that Akabane virus affect­
ed a higher percentage of calves in the early calving period, while the number 
affected by Aino virus increased in September 
The AG/HE syndrome has been designated "AKABANE DISEASE11 (Inaba et al . 
1975) This name now seems inappropriate for the overall condition-aS2 
viruses at least are involved in the syndrome . 
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ABSTRACT 
Cybinski, D.H., St. George, T.D., Standfast, H.A. and McGregor, A., 1980. Isolation of 
Tibrogargan virus, a new Australian rhabdovirus, from Culicoides brevitarsis. Vet. 
Microbiol., 5: 301--308. 
CSIRO 132 virus, which is new to science in Australia, and probably the world, has 
been isolated from Culicoides brevitarsis. Electron micrographs show that it resembles a 
rhabdovirus. Antibodies to the new virus have been detected in water buffaloes and cattle, 
but not in 58 human beings, 14 camels, 21 dogs, 67 goats, 15 horses, 43 pigs, 154 sheep, 
98 wallabies or 38 possums. The distribution of antibodies in cattle lies within the distribu- 
tion range of C. brevitarsis. It has not so far been associated with disease. The name Tibro- 
gargan is proposed for the new virus. 
INTRODUCTION 
Until recently, only five viruses of  the rhabdovirus group had been isolated 
in Australia and New Guinea. One of these, ephemeral fever virus, is known 
to cause disease in domestic animals in Australia (Doherty et al., 1969). 
Three of  the others, Kununurra virus f rom Aedomyia  catisticta (American 
Committee on Arthropod-borne viruses, 1969), and Kimberly and Party's 
Creek viruses from Culex annulirostris, were isolated in Western Australia and 
identified as rhabdoviruses (Stanley et al., 1978). The fifth virus, Jo injakaka 
virus, has been isolated from mosquitoes collected in New Guinea (I.D. Marshal, 
personal communicat ion,  1979). 
This paper reports the isolation of  a rhabdo-l ike virus from the biting midge 
Culicoides brevitarsis, and shows the distr ibution of antibodies in Australian 
cattle and 10 other animal species. 
0378--1135/80/0000--0000/$02.50 © 1980 Elsevier Scientific Publishing Company 
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MATERIALS AND METHODS 
Isolation 
C. brevitarsis collected at Peachester, Queensland (152 ° 53' E; 26 ° 51' S) 
from 24 November to 8 December 1976 were homogenized in 10% rabbit 
serum saline and the preparation i oculated into Baby Hamster Kidney 
(BHK21) tissue culture tubes, and intracerebrally into suckling mice for 
comparison of the two isolation methods, as described by St. George et al. 
(1978a). All pools were passaged twice in both mice and tissue culture be- 
fore any were discarded as negative. 
Identification 
Viruses isolated were screened in a microneutralization test system using 
specific antiserum prepared in rabbits against ephemeral fever, Akabane, 
Aino, D'Aguilar, Wallal, Ross River and Peaton viruses. Between 100 and 
500, 50% tissue culture infective doses of virus, and Veto cells (Common- 
wealth Serum Laboratories, Melboune, Vic.) in flat-bottomed microtitre 
plates (Cooke Engineering Co., Alexandra. Va., U.S.A.) were used. Isolates 
which could not be identified in this manner were submitted, for testing 
against all known Australian arboviruses, to the Queensland Institute of 
Medical Research (QIMR) the WHO Collaborative Centre for Arbovirus 
Reference and Research for Australia. If a virus was new to Australia, it 
was then sent to the Yale Arbovirus Research Unit in Connecticut, U.S.A. 
Electron microscopy 
The virus was grown in BHK21 tissue culture tubes for approximately 
3 days or until more than 90% of the cells were affected. The cells were 
then harvested, sedimented atapproximately 1000 g and excess medium re- 
moved by draining onto sterile filter paper. A minimal amount (approximate- 
ly 10% of the original volume) of sterile distilled water was then added to 
the cells, which were left to lyse overnight at 4 ° C. After centrifugation to
remove cell debris, the supernatant was negatively stained with 1% phos- 
photungstic acid at pH 6.0 and examined for virus particles in a Phillips 200 
Electron Microscope. 
Distribution of antibodies 
Over 3000 samples of cattle serum collected from various parts of Australia 
and New Guinea, mainly during 1976 and 1977, as well as more than 500 
samples from other species were tested for antibodies to the new virus in a 
microneutralization test (Cybinski et al., 1978). Briefly, the test involves 
adding 0.025 ml of  diluent containing 100, 50% tissue culture infective 
doses of virus to an equal volume of serum diluted 1 in 4. After incubation, 
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0.1 ml Vero cells at a concentration of 2 X 10 s cells/ml were added and each 
well covered with sterile paraffin oil. Virus, serum and cells were diluted in 
medium 199 (Commonwealth Serum Laboratories, Melbourne, Vic.) con- 
taining 10% foetal calf serum. 
These samples included a selection of cattle sera from a sentinel herd 
scheme (St. George et al., 1977), and contained several samples from the 
same animals ranging over a period of 2 years. About 50 cattle sera col- 
lected in 1970 were also tested. 
The Queensland State Health Department supplied human sera drawn 
from donors in South Queensland. 
RESULTS 
Isolation 
The 101 pools of C. brevitarsis which were cultured yielded 13 cytopathic 
agents which consisted of three isolates of Akabane virus (St. George et al., 
1978b), nine of Peaton virus (a Simbu group virus new to Australia; 
St. George et al., 1980) and one other virus from pool number 76/1099 C6 
(a "truck trap" collection 18.38--19.08 h; 6 December 1976). The further in- 
formation refers to this last virus CSIRO 132, which is provisionally named 
Tibrogargan virus to facilitate description. (Tibrogargan is the name of one of 
the most prominent mountain peaks in the district and is an aboriginal name 
meaning 'biting possum'.) 
The virus was isolated on the first passage in mice, but not in BHK21 cells. 
Once isolated, however, it grew well in both BHK21 cells and Vero cells. 
Identification 
In studies at the QIMR (R.L. Doherty, personal communication, 1977), no 
relationship was found by complement fixation and haemagglutination in- 
hibition tests with the known or suspected arboviruses of Australia and New 
Guinea cited by Doherty (1972, 1977) and unpublished ata). At the Yale 
Arbovirus Research Center, Tibrogargan antigen gave negative results by 
complement fixation with antibody to Kotonkan, Chandipura, Barur, Kwatta, 
Lagos bat, Piry, Obodhiang, Kimberley, Porton $-1643, Keuraliba, and Be Ar 
185559 viruses (R.E. Shope, personal communication, 1979). The virus is at 
present waiting to be compared with the remaining known rhabdoviruses of 
the world listed by Brown et al. (1979). 
Electron microscopy 
Electron microscope studies of the virus revealed elongated particles 50--75 
nm wide and 125--375 nm long, some with striations, in fresh preparations of 
distilled water supernatant (Fig.l) and including some swollen and bullet- 
shaped particles in preparations allowed to stand for 1 week at 4°C (Fig.2). 
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Fig.1. Electron micrograph of Tibrogargan virus in a fresh distilled water preparation, 
negatively stained with phosphotungstic acid. (× 160,000) 
Fig.2. Electron micrograph of Tibrogargan virus from a distilled water preparation al- 




The map (Fig.3) shows the distribution of  antibodies to Tibrogargan virus 
in cattle throughout Australia and the known limits of occurrence of C. brevi- 
tarsis (Murray, 1975; H.A. Standfast and M.J. Muller, unpublished ata). Anti- 
bodies were detected in cattle serum from New Guinea and from all States 
except South Australia, Victoria and Tasmania, indicating that the virus has 
a range within the known distribution of  C. brevitarsis, from which it was 
isolated. 
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derived from Murray (1975) 
x , Extended limits of C. bmvitamis (Standfast, Muller unpublished data.) ~ 
• Cattle with serum neutralizing antibodies to Tibrogargan virus. ~ ~ 
0 No serum neutralizing antibodies to Tibrogaqlan virus found in cattle. 
Fig.3. The d ist r ibut ion of  neutral iz ing ant ibodies  to T ibrogargan virus in Austral ian 
catt le in re lat ion to the schemat ic  d is t r ibut ion of  its possible vector, Culicoides brevitarsis. 
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Other species 
Serum from species other than cattle were also tested and neutralizing 
antibody to Tibrogargan virus was found in water buffaloes (21/34) but not 
in serum from 58 human-beings, 14 camels, 21 dogs, 67 goats, 15 horses, 
43 pigs, 154 sheep and 136 marsupials (98 wallabies and 38 possums), al- 
though camels, dogs, goats, horses and sheep were found to have antibody 
to Akabane virus, another suspected C. brevitarsis-borne virus (Cybinski et 
al., 1978). 
Sero conversions 
Some of the cattle which were bled several times during the period from 
mid-1976 to mid-1978, showed a change in antibody status from negative 
to positive. The dates between which these conversions took place, as well 
as the percentage of animals which seroconverted, are shown in Table I. 
Antibodies were also detected in serum from cattle bled in 1970, indicating 
that the virus has been in Australia at least 8 years. 
Cattle from Peachester, some of which developed antibodies to Tibrogar- 
gan virus, were observed closely during the period (December 1976 to Jan- 
ary 1977) and at other times. All appeared healthy throughout the study. 
TABLE I 
Percentage of  an imals  which  sero converted,  and the dates between wh ich  these convers ions  occur red  
Locat ion  State Ant ibod ies  deve loped % An imals  
between these dates wh ich  sero- 
converted 
Peaehester  (152 ° 53" E; 26  °' 51'  S) Qld. 
Peachester  (152  ° 53 '  E; 26 ° 51 'S )  Qld. 
Peachester  (152 ° 53 'E ;  26 ° 51 'S)  Qld. 
Victor ia  R (131 ° 01 ' E; 16 ° 24'  S) N.T. 
Wi l l iamtown (151 ° 50 ' E; 32  ° 49 '  S) N.S.W. 
Bungwha l  (152 ° 26 'E ;  32 ° 24 'S )  N.S.W. 
15  Dec. 1976/23  Dec. 1976 r 
30 Dec. 1976/6  Jan.  1977 l 60 
6 Jan.  1977/13  Jan.  1977 
5 Aug.  1977/31  Aug. 1977 80 
4 Nov.  1977/7  Feb. 1978 20  
5 Oct.  1977/2  Nov. 1977 20  
DISCUSSION 
Electron micrographs showed that the virus had rhabdovirus morphology. 
Although some bullet-shaped particles were seen, fresh preparations showed 
mainly elongated particles, approximately twice the length of the bullet 
shaped particles, with striations possibly representing the structure of the 
protein coating. The bullet-shaped particles may represent broken particles 
without nucleic acid. 
No relationship was found to exist between Tibrogargan virus and the 
known rhabdoviruses of Australia and New Guinea. Also, no relationship has 
been found to exist between this virus and some rhabdoviruses from other 
parts of the world, however, the results are not complete, and it remains to 
be seen whether it is a new virus or not. 
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Of the 101 pools of insects cultured for virus during the study, only one 
yielded Tibrogargan virus, and this only pamlysed mice on the second pas- 
sage, indicating either a low titre of virus or a low sensitivity of the systems. 
As the isolation of virus was made from insects collected on 6 December~and 
as the Peachester seroconversions occurred in December 1976/January 1977, 
it is considered that more isolations would have been made if collections of 
insects had been continued. 
In southern Queensland and north-eastern New South Wales, antibody 
conversions took place in the summer months only. However, in the single 
herd in the Northern Territory, the virus appeared to be active in August 
1977. C. brevitarsis is known to be active throughout the year in the North- 
ern Territory with populations peaking in May/June, but is greatly restricted 
during the winter months in south-east Queensland (H.A. Standfast and 
A.L. Dyce, unpublished ata), which would account for this discrepancy in
transmission times. 
The distribution of antibodies to Tibrogargan virus in cattle corresponds 
well with the known distribution of C. brevitarsis (Fig.3) from which it was 
isolated. The presence of antibodies to the virus in New Guinea is interesting 
as some other viruses thought o be transmitted by C. brevitarsis have not 
been detected in New Guinea, namely Akabane (Cybinski et al., 1978), Aino 
(Cybinski and St. George, 1978), and Peaton (St. George et al., 1980). 
Ephemeral fever virus also appears to be confined to the Australian main- 
land. 
Serum from calves with arthrogryposis and hydranencephaly, from foals 
with contracted tendons, and from cattle with ephemeral fever-like signs, 
have been tested for antibodies to Tibrogargan virus, but to date no correla- 
tion has been found between the development of antibody to this virus and 
any clinical signs of disease in domestic animals. 
Tibrogargan virus appears to be a rhabdovirus the importance of which 
will depend on its pathogenicity and its relationship to other important 
rhabdoviruses such as ephemeral fever or rabies viruses. Pathogenesis studies 
on this virus are needed and could be helpful in understanding the mecha- 
nisms of infection of other rhabdoviruses. 
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THE I SOLAT I O N  OF D ' AG U I LAR V I RU S  FROM A COW 
BY 
T.D. ST.GEORGE and C . K. DIMMOCK 
The hei fer from whi ch D ' Agui l ar vi rus was i sol ated was one of a group of 
senti nel cattl e .  The cattl e  were bei ng moni tored o n  a dai ly bas i s  for 
haematol ogy, vi rology, serol ogy and c l i n i cal s igns.  1'\Y responsibi l i ty 
in the l onger term i nvest i gation,  of which this was a by-product , was 
the haematol ogy Mr. St . George wrote the paper • 
. . . . . . . �% . . t . . �-.'-!. . . . . . . .  . . . . . . . 4��.-: � .  -� -:'!::::<� . 
Date :  Cori nne K .  Di 1111lock (Co-Author ) 
Additi on a 1 Comments :  
THE WLATION OF D’AGUILAR VIRUS FROM A COW 
In the course of a search for ephemeral fever virus 
during an epidemic in 1968, DAguilar virus was isolated 
from a midge, Culicoides brevitarsis (Doherty et a1 
1972). We are reporting briefly on the isolation of 
D’Aguilar virus from a cow in the course of investiga- 
tions of another epidemic of ephemeral fever in 1976. 
A heifer aged 15 months on a dairy farm about 100 
km north of Brisbane, was observed clincally and bled 
daily, from 3 January to  1 March 1976. Blood was 
collected from the jugular vein. Portions of the blood 
were mixed with EDTA for cell counts by the method 
of Dacie and Lewis (1968) and separation of the leuco- 
cytes by centrifugation and the balance was allowed to 
clot for later serum separation. The leucocyte fraction 
was stored in sealed ampoules in liquid nitrogen. The 
serum was stored at 4°C. 
Approximately 0.1 ml of the buffy coat suspension was 
inoculated into 2 BHK21 tissue cultures in roller tubes, 
prepared as described by French and St George (1965), 
except that the maintenance medium was Eagle’s Basal 
Medium* instead of Hanks’ medium. The cell sheets 
were observed 4 times a week for cytopathology. Cells 
and supernatant fluid were passed to further BHK21 
tissue cultures after one week, or when cytopathology 
was observed. 
The viruses thus isolated, were identified by neutralisa- 
tion tests using a rabbit antiserum prepared against a 
known strain of D’Aguilar virus. In addition one isolate 
was confirmed as D’Aguilar virus by Dr R. L. Doherty, 
Queensland Institute of Medical Research. A tissue 
culture neutralisation test was developed in BHK21 tissue 
cultures using a similar method to that used by French 
and St George (1965) except that D’Aguilar virus was 
used and the tubes were rolled during incubation. The 
stored serum samples were tested for antibody by means 
of this test. 
D’Aguilar virus was isolated from the blood of one 
heifer each day for a period of 8 successive days then 
once more after an interval of 3 days. There were no 
significant changes in haemoglobin or packed cell volume 
of this heifer during the period of viraemia. There was 
a mild neutrophilia (> 4 x 108/cmm), with no band 
forms, on the first to third days of viraemia, followed 
by a fall in the neutrophil count to less than preinfection 
levels durine the remainder of the viraemia. The heifer 
* Commonwealth Serum Laboratories, Melbourne 
remained clinically normal and showed no significant 
temperature rise during the whole period that D’Aguilar 
virus was isolated from the blood. Homologous neutralis- 
ing antibody was detected in the blood on the seventh 
day of viraemia and reached a titre of 24 by the last 
day of viraemia. It rose to a maximum titre of 128 five 
days later. 
It was clear from the results of the serological surveys 
of Doherty et al (1973) that D’Aguilar virus infected 
cattle. It was logical that an arbovirus should circulate 
in the blood and thus be available for ingestion by 
arthropods, such as the culicoides of the species from 
which it has been isolated. Our results give direct proof 
that the virus does circulate in the blood of a cow in a 
natural infection, and is capable of producing infection 
without obvious disease. 
This single case cannot give the range of time for 
which the virus circulates and the 11 day span that 
viraemia occurred in one heifer may not be the shortest 
nor the longest time that D’Aguilar virus persists in 
cows. Whether the minor haematological changes were 
significant or characteristic of an infection with 
DAguilar virus must await further investigation. 
We wish to acknowledge the help of Mr. T. M. Hunt 
of Peachester, who provided the cows and his valued 
assistance and the technical assistance of Mr. N. T. Hunt. ~ ~ - . ~ .  
T. D. ST GEORGE, M.V.Sc., 
CSlROm Division of Animal Health, 
Long Pocket Laboratories, 
Private Bag No 3, P.O., 
Indooroopilly, Queensland, 4068 
Department of P’rimary Industries, 
Animal Research Institute, 
Fairfield Road, 
Yeerongpilly, Queensland, 4105 
1 November I976 
CORINNE K. DIMMOCK, B.Sc., 
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P R E L I M I NA R Y  C HARACT E R I ZATION  OF D ' A GU I LAR V I RUS  
AND THRE E  PALYAM GROUP V I RU S E S  NEW  TO  AUSTRALIA  
BY  
D .H . CYBINSKI AND T .D . ST  .GEORGE 
3-:1 5 
The work on d i fferenti at i on of the Austra l i an Palyam group v i ruses i nto 
four separate vi ruses i nstead of the classifi cation of a l l  as D'Agui l a r  
vi ruses was carried out under t he  di rection of  Mr . S t  .George . 
i n i t i ated the work , raised the anti sera and made the cl ass ifi cation . 
The vi ruses used were i sol ated by Mr . St .George or Mr Standfast i n  
the genera 1 senti nel herd b leedi ng p'rogram and i nsect vector trapping 
program . I wrote the paper 
. . . .  .t.'.j.� <?Ft:Y • . • • • . . .  
Date :  
Add i t ion a 1 Comments : 
------------~3--15 
Preliminary Characterization of D'Aguilar 
Virus and Three Palyam Group Viruses 
New to Australia 
D. H. Cybinski and T. D. St George 
Division of Animal Health, CSIRO, Long Pocket Laboratories, 
Private Bag No. 3, P.O. Indooroopilly, Qld 4068. 
Abstract 
Aust. J. Bioi. Sci., 1982, 35, 343-51 
Between 1974 and 1980, 424 viruses were isolated at the Long Pocket Laboratories of the Division 
of Animal Health, CSIRO, either from insects or from the blood of sentinel cattle, and of these, 
165 cross-reacted with D'Aguilar virus (an Australian Palyam group virus) in a complement fixation 
test. Neutralization tests were used to classify these viruses into four serotypes with the isolates 
D'Aguilar B8112, CSIRO 11, CSIRO 58 and CSIRO 82 as the type strains. The latter three were 
new to Australia. Like other orbiviruses, these four serotypes were partially sensitive to treatment 
with ether or chloroform. Neutralizing antibodies against D'Aguilar, CSIRO 11 and CSIRO 58 
viruses were detected in sera from cattle, buffalo, deer and sheep but not in sera from humans, 
horses, pigs or marsupials. Antibodies against CSIRO 82 virus were detected in 85% of 26 buffalo, 
and 0 · 4% of 495 cattle sera tested. The antibody distribution in Australia for D' Aguilar, CSIRO 11 
and CSIRO 58 viruses fell within the distribution limits of Culicoides brevitarsis, the insect from 
which these viruses were most commonly recovered. The antibody distribution for CSIRO 82 virus, 
which was isolated from a pool containing C. schultzei and C. peregrinus, fell within the much more 
restricted distribution limits of these species. None of these viruses has been associated with disease. 
Introduction 
D' Aguilar virus (B8112) was first isolated in Australia in 1968 by the intracerebral 
(I C) inoculation of day-old mice with homogenates of Culicoides brevitarsis collected 
in Queensland (Doherty et al. 1972). Serological studies at the Yale Arbovirus 
Research Unit showed that this isolate was a member of the Palyam group of arbo-
viruses, named after Palyam virus from India, which was the first member of the 
group to be described. D' Aguilar virus has since been classified as a member of the 
Palyam group, together with Abadina, Kasba, Nyabira and Vellore. These viruses 
were separated on the basis of neutralization tests (Berge 1975; Matthews 1979). 
The demonstration of biochemical and morphological similarities with the orbi-
virus genus has resulted in the Palyam group being included in this genus (Borden 
et al. 1971). Some orbiviruses are known pathogens of man (Kemerovo virus) and 
of other mammals (epizootic haemorrhagic disease of deer, bluetongue and African 
horse sickness viruses). One member of the Palyam group (Nyabira virus) has been 
isolated in Africa from aborted bovine foetuses (Swanepoel and Blackburn 1976), 
thus indicating possible pathogenicity within this group also. In Australia, antibodies 
to D' Aguilar virus have been detected in cattle, sheep, and buffalo but not in horses, 
marsupials, or man (Doherty et al. 1972; Doherty 1977). 
Viruses isolated at the Long Pocket Laboratories of the Division of Animal 
Health, Commonwealth Scientific and Industrial Research Organization (CSIRO), 
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between 1 974 and 1 976 during attempts to isolate ephemeral fever virus (Standfast 
and St George, unpublished data) were sent to the Queensland Institute of Medical 
Research (QIMR) for identification. Several isolates were found to be related to 
D'Aguilar virus (B8 1 1 2) ,  by complement fixation ; however, differences in growth 
characteristics of some of the CSIRO isolates and serological studies on sentinel 
herds suggested to us that the isolates were not a homogeneous group. 
This paper demonstrates that the Palyam group viruses isolated so far in Australia 
can be divided into four distinct serological subgroups including D'Aguilar virus 
which has been named previously, and three new subgroups for which the type 
strains are described. 
Materials and Methods 
Viruses 
The 424 virus isolates used in this study were obtained from the CSIRO Long Pocket Laboratory 
virus collection (Standfast and St George, unpublished data) . They were isolated from the blood 
of sentinel animals, or from insects, either by IC inoculation in suckling mice, or by tissue culture 
inoculation as described by St George et a!. (1 978). The first isolate of each serotype belonging 
to the Palyam subgroup has been designated as the type strain, and these were isolated as follows. 
CSIRO 1 1  was isolated by the IC inoculation of suckling mice from a mixed pool of Culicoides 
spp. collected at Beatrice Hill ( 1 3 1 · 20° E. ,  1 2 ·  39° S .)  in November 1 974 (Standfast and Dyce, unpub­
lished data) . CSIRO 58 was originally isolated by inoculating cow blood into baby hamster kidney 
(BHK21)  tissue culture tubes (St George, unpublished data) . The blood was collected at Grafton 
( 152  · 56° E., 29 · 41 o S.) in March 1 976. CSIRO 82 was isolated from an insect pool containing 
C. schultzei and C. peregrinus collected at Beatrice Hill in October 1 975 (Standfast and Dyce, 
u_npublished data) and inoculated IC into suckling mice. The B81 1 2  isolate of D'Aguilar virus 
(Doherty et a!. 1 972), obtained from the QIMR, was passaged a further four times in BHK21 cells 
before testing. CSIRO 947 (Reovirus type 2) and Murray Valley encephalitis (MVE) virus were used 
as positive and negative controls in the lipid solvent tests.  
Antisera 
Mouse ascitic fluid was prepared by the method of Sartorelli et a!. ( 1 966) using virus grown in 
mouse brain. 
�pecific antisera were prepared in rabbits against certain isolates, including those that were 
suspected to differ, namely CSIRO 1 1 ,  CSIRO 58,  and CSIRO 82, as well as against D'Aguilar 
(B8 1 1 2) .  The virus used for inoculation was grown in BHK21 tissue cultures using medium 1 99 
with 2 %  (v/v) rabbit serum as growth medium. The rabbits were given a series of three intramuscular 
injections with ·a mixture of virus and Freund's complete adjuvant (Commonwealth Serum Labora­
tories, Parkville, Vic.) at weekly intervals, and then one intravenous injection with virus alone 
4-6 weeks later. They were bled after 7-10  days and the serum was stored at - 20°C. All Palyam 
group isolates were then tested agamst these four antisera. 
Complement Fixation Tests 
Complement fixatio_n tests were performed as described by Lennette and Schmidt ( 1 964) , using 
mouse brain antigen prepared by the method of Clarke and Casals ( 1 958).  Anticomplementary 
controls for both antigen and ascitic fluids were included in each test.  A non-specific antigen was 
also titrated in each test in the same manner as the viral antigen. 
Neutralization Tests 
Neutralization tests, both for identification of all Palyam group isolates and for testing of sera 
for antibody surveys, were carried out by a micro method in Vero (Commonwealth Serum Labora­
tories, Parkville, Vic.) cells described by Cybinski et a!. ( 1 978). 
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Treatment with Lipid Solvents 
Ether and chloroform sensitivity tests were carried out using a modification of the method used 
by Feldman and Wang (1961) .  A 1 in 10 dilution of virus in Hanks' balanced salt solution was 
incubated with 1 0 %  (v/v) solvent for 1 h at room temperature. The ether was then allowed to 
evaporate and the chloroform removed by centrifugation, before titrating the virus in BHK21 
tissue culture tubes . 
Serological Surveys 
The cattle sera used for antibody s.urveys were from a sentinel herd scheme (St George 1 980). 
The sera tested for antibodies against D'Aguilar (B8 1 1 2) were from 275 animals from 17 herds 
bled between one and nine times (average three) at weekly or monthly intervals. In all, 255 animals 
from 1 5  herds bled an average of 3 · 5  times were tested for antibodies to CSIRO 1 1  virus, 1 630 
animals from 90 herds bled an average of four times were tested for antibodies against CSIRO 58  
virus, and 1 65 animals from nine herds were bled an average of three times and tested for antibodies 
to CSIRO 82. All the sera were collected between 1 975 and 1 980. Sera from other species were 
also collected from various parts of Australia and these were tested for antibodies to the four viruses . 
Results 
Isolation of Viruses 
All Palyam group viruses isolated between 1 974 and 1 976, as well as all subsequent 
isolations of members of the group, are summarized in Table 1 .  Of a total of 424 
virus isolates at this laboratory in 6 years, 1 65 (39 %) belonged to the Palyam group. 
Table 1.  Classification, by virus neutralization, of Palyam group viruses isolated 
from different sources at the CSIRO Long Pocket Laboratories 
Type strain Number of isolates 
D'Aguilar (B8 1 1 2A) 
CSIRO 1 1 8  
CSIRO sse  
CSIRO 828 
Total 
A Doherty et at. ( 1 972) .  
Bovine 
blood 








1 2  
0 
5 1  
8 H.  A.  Standfast and A .  L. Dyce (unpublished data) . 
c St George (unpublished data) . 





1 0  
J E  
2 
Total 





E Isolated from an insect pool containing C. schultzei and C. peregrinus. 
Of the Palyam group isolates, 1 1 2 were from the blood of sentinel animals ,  and 
53 were from Culicoides spp. There were instances when the same serotype of virus 
was isolated two or three times from the same animal . For CSIRO 58 there were 
five such cases recorded with the interval between isolations ranging from 1 to 8 days, 
two occasions for CSIRO 1 1 , both after 8 days, and one only for D 'Aguilar after 
6 days . No Palyam group viruses were isolated from the nine herds south of the 
C. brevitarsis line (Fig. 1 ) .  
Different serotypes of Palyam group viruses were sometimes isolated in succession 
from the same animal, which has previously been noted by St George et a/. ( 1 979) . 
Of the possible permutations of two serotypes from cattle, four have so far been 
detected namely CSIRO 1 1  and CSIRO 58, CSIRO 58 and CSIRO 1 1 , D' Aguilar 
ii· 1 . . ; 
· · .  
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and CSIRO 58,  and CSIRO 58 and D'Aguilar. No instances have been found where 
more than two serotypes have been isolated from a single animal. 
Serology 
The four type strains are not distinguishable by complement fixation (Table 2), 
but can easily be separated from each other by microneutralization tests (Table 3). 
Although CSIRO 1 1  virus was not completely neutralized by antiserum against 
D' Aguilar virus, more than 50 % retardation of cytopathic effect up to a serum 
dilutiorr of 1 in 1 6  was noted. In addition, three serotypes were not neutralized by 
antiserum against Pal yam virus (Table 3) although a titre of 6 was o btained with 
CSIRO 1 1  virus .  However, the titre of this serum against its homologous virus is 
not known. 
Table 2. Complement fixation titres for Australian Palyam group viruses and mouse 
ascitic fluid prepared against them 
Results presented as titre of mouse ascitic fluid/titre of antigen 
Antigen 
D'Aguilar (B8 1 1 2) 




(B8 1 1 2) 
256/16 
64/ 1 6  
64/ 1 6  
64/8 
Mouse ascitic fluid against 
CSIRO 1 1  CSIRO 58  
256/ 1 28 
512/ ;;, 128 
256/ 1 28 
1 28/32 
5 1 2/ ;;, 128 
5 1 2/ ;;, 1 28 
;;, ]024/ ;;, 128 
5 1 2/64 
CSIRO 82 
256/ 128 
256/ ;;, 1 28 
256/ 1 28 
512/128 
In all cases where a virus was isolated from an animal, specific antibody to this 
serotype was first detected in the animal between 0 and 2 1  days after the first isolation 
date, and after more than one serotype had been isolated, antibodies to each of these 
serotypes could be demonstrated . On at least three occasions, a particular serotype 
(D'Aguilar, CSIRO 1 1  or CSIRO 58 viruses) was isolated from cattle blood despite 
the presence of homologous antibody to that serotype in the animals . 
Table 3. Cross neutralization tests between Australian Palyam group viruses 
Virus A Antiserum 
D'Aguilar CSIRO 1 1  CSIRO 58 CSIRO 82 Palyam 
(B8 1 1 2) 
D'Aguilar 
(B8 1 1 2) 5 1 28 < 2  < 2  < 2  < 2  
CSIRO 1 1  < 2  4096 < 2  < 2  6 
CSIRO 58 < 2  < 2  1 024 < 2  < 2  
CSIRO 82 < 2  < 2  < 2  491 0  < 2  
A All viruses received four passages in BHK21 cells .  
8 Reciprocal of antiserum dilution that neutralized the virus in 50 % of the wells. 
Antibody surveys on serially bled cattle gave ample indication that all serotypes 
except CSIRO 82 may pass through herds in sequence, with individual animals 
showing evidence of infection with up to three serotypes. The order of infection 
varied in different seasons, and even in different herds.  A virus was not isolated on 
every occasion where antibody was detected. 
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Lipid Solvents 
The sensitivity of the four Pal yam group i solates to ether and chloroform is shown 
in Table 4. They were found to be more sensitive to chloroform than to ether, but 
were not completely inactivated by either solvent . A known sensitive virus (MVE) 
Table 4. Sensitivity of Palyam group viruses to lipid solvents 
Virus Control Log titre after treatment with 
titre Ether Chloroform 
D'Aguilar (B8 1 1 2)A 4 · 0  2 · 5  2 · 0  
CSIRO 1 1 A  3 · 5 3 · 0 2 · 5  
CSIRO 58A 4 · 0  2 · 5  2 · 0  
CSIRO 82A 4 · 0 3 · 5  2 · 5  
CSIRO 947 
(Reovirus type 2) 8 3 · 5  4 · 0  3 · 5  
MVE8 6 · 5  1 · 0 0 · 5  
A Virus had previously been given four passages in BHK21 tissue 
" culture. 
8 Virus had previously been passaged once in BHK21 tissue culture. 
and a known resistant virus (Reovirus type 2) were included as controls. The 
Reovirus was completely resistant to the treatment with solvents, whereas MVE 
virus showed a marked reduction in titre to both solvents. 
Antibody Distribution-Geographic 
Fig. 1 shows the distribution of sentinel herds in Australia and Papua New Guinea 
that were tested for antibodies to the Palyam group viruses, the approximate 
southern limits of C. brevitarsis as shown by Dyce and Standfast ( 1 979) and the 
Table 5. Antibodies against four Palyam group viruses in serum from cattle 
and other species 
D'Aguilar CSIRO 1 1  CSIRO 58 CSIRO 82 
(B8 1 1 2) 
Cattle 390/8 1 1  549/91 6  361 6/6490 2j495A 
Buffalo 3 / 16  5/ 1 6  1 4/ 1 6  22/26 
Sheep 1 3/72 1 /72 42/ 1 88 0/ 148 
Deer 1 / 1 0  0/ 1 3  4/ 1 7  0;9 8  
Human 0/29 0/29 0/66 0/298 
Horse 0/74 0/83 0/1 93 0/58 
Pig 0/ 1 1  0/ 1 1  0/24 0/ 1 1  
Kangaroo 0/1 00 0/ 100 0/ 1 02 0/48 
Possum 0/41 0/41 0/41 0/ 1 7 8  
Wallaby 0/5 0/5 0/9 0/5 
A Two sera from the same animal taken 7 days apart . 
8 No serum available from the area of known distribution. 
southern limits of C. schultzei and C. peregrinus as described by Murray ( 1 975) . 
Antibodies against CSIRO 82 were detected only in serum collected from animals 
in the far north of the Northern Territory and these show a distribution within that 
of C. schultzei and C. peregrinus (Fig. 1 ) .  The distribution of neutralizing antibodies 
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against D'Aguilar, CSIRO 1 1  and CSIRO 58 viruses in Australian cattle was found 
to lie within the limits of distribution of C. brevitarsis. This is to say that no anti­
bodies to these three viruses were detected in serum from the nine herds south of 
the C. brevitarsis line. All cattle seroconverted to these three viruses in some herds 
that were bled serially, not only in the north, but in some New South Wales herds 
as well . However, the incidence of antibodies decreased in sera taken from cattle 
closer to the borderline of C. brevitarsis distribution. 
• 
• • • 
• 
Fig. 1. Distribution of sentinel herds in Australia and Papua New Guinea ( • ) . The areas marked 
as desert are areas of very low rainfall where there are no cattle or other livestock. -- Approximate 
southern limits of Culicoides brevitarsis (Dyce and Standfast 1 979) . - - - Approximate southern 
limits of C. schultzei and C. peregrinus (Murray 1 975). 
Antibodies against D'Aguilar, CSIRO 1 1  and CSIRO 58 viruses, but not CSIRO 82 
virus, were detected in cattle serum from Papua New Guinea. No buffalo serum 
from Papua New Guinea has been tested for antibodies to CSIRO 82 virus. 
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Antibody Distribution-Species 
The occurrences of antibodies against D' Aguilar and the three new Pal yam group 
viruses in humans, various domestic animals and marsupials are shown are Table 5 .  
Only 0 · 4% of  cattle sera tested contained neutralizing antibodies to CSIRO 82 
virus, whereas 85 % of buffalo sera were found to neutralize this virus. 
Discussion 
The Pal yam group of virnses comprises a large percentage (39 %) of all virus 
isolations made at this laboratory. This may be due to a number of factors including 
the abundance of this group in the vector-host system under investigation, or the 
relative efficiency of the isolation techniques for this particular group in comparison 
with other virus groups. 
Although all the Australian members of the Palyam group cross-react markedly 
in a complement fixation test, a microneutralization test demonstrated quite clearly 
that the group in fact consists of four distinct serotypes showing little evidence of 
cross reaction� The reaction of CSIRO 1 1  virus with antiserum against Palyam virus 
is difficult to interpret without any knowledge of the antiserum titre to the homologous 
virus . 
Additional evidence for the existence of four distinct Palyam group serotypes in 
Australia is provided by isolation and antibody studies on cattle infected naturally. 
The isolation of more than one serotype from the same animal, with corresponding 
antibody production to these serotypes ,  is one such piece of evidence. Although 
all possible sequences of infection have not been demonstrated by virus isolation, 
the appearance of antibodies to all serotypes except CSIRO 82, in sequence, indicates 
that infection with any one of these affords either no protection or only short-term 
protection against infection with the other two serotypes .  
Our understanding of the sequence of virus infection and antibody production 
for the Palyam group in nature is complicated by the apparent occurrence of long 
periods of viraemia which, for CSIRO 1 1  and CSIRO 58 viruses, could be demon­
strated for up to 8 days . In addition, there was evidence of virus and homologous 
antibody co-existing in some animals, which confirms the findings of St George and 
Dimmock ( 1 976) . Whether or not the virus may persist long enough in some animals 
to carry it from one insect season to the next, is a question that still remains to 
be answered. 
Preliminary biochemical studies indicate that the Australian Palyam group viruses 
are partially resistant to lipid solvents.  These results are in agreement with those 
found for D'Aguilar virus (Doherty et a/. 1 972) and other orbiviruses (Borden et 
a/. 1 97 1 ) ,  and clearly separates this group from other major Arbovirus groups that 
are solvent sensitive (Borden et a/. 1 97 1  ) . 
Isolates identifiable with the type strains D'Aguilar, CSIRO 1 1  and CSIRO 58 
viruses were all recovered from both bovine blood and C. brevitarsis (Table 1 ) . Also, 
antibody surveys carried out in cattle for these viruses showed a distribution similar 
to that of C. brevitarsis indicating that this insect may be one of the vectors . In 
addition CSIRO 58 was isolated once from C. schultzei, which must be considered 
as another possible vector for that virus although the distribution of this insect is 
very limited in comparison with the distribution of the vi rus as suggested by antibody 
studies .  The likelihood that other vectors exist for these viruses cannot be excluded . 
3 50 D. H. Cybinski and T. D. St George 
The only insect isolates of Palyam group viruses in Australia and Africa (Lee et a!. 
1 974) have been made from Culicoides spp . ,  whereas the Indian isolates Palyam, 
Kasba and Vellore were all recovered from mosquitoes (Dandawate 1 974) . 
The single isolate of CSIRO 82 originated from a pool of C. schultzei and C. 
peregrinus, insects that feed preferentially, but not exclusively, on buffalo (Muller 
et a!. 1 98 1 ) .  Antibodies to this virus have been detected mainly in buffalo serum, 
although serum from one ox was positive. In contrast, D'Aguilar, CSIRO 1 1  and 
CSIRO 58 viruses appear to be associated with a variety of domestic animals ,  namely 
cattle, buffalo, deer, and sheep but not humans ,  horses, or marsupials .  The restriction 
of antibodies to CSIRO 82 virus almost exclusively to buffalo cannot be due solely 
to the host preference of C. schultzei and C. peregrinus as these insects do feed on 
cattle and other domestic animals (Muller et a!. 1 98 1 ) .  However, this feeding prefer­
ence is probably a contributory factor. The antibody distribution of CSIRO 82 
virus is  at present only known in the far north of the Northern Territory, the only 
area sampled where a significant population of water buffalo occurs in Australia .  
Many of the animals from which virus was recovered, and also those in whose 
serum antibody has been detected, have been kept under close surveillance during 
the period of study, and no evidence of disease associated with these viruses has been 
detected . In the light of the evidence from Africa, where Nyabira virus was isolated 
from aborted bovine foetuses, the effects of the Australian isolates on ovine and 
bovine foetuses should be investigated. 
Until recently, the three new Australian viruses have been considered as variants 
of D'Aguilar virus but they should clearly be known as Palyam group viruses after 
the first member of the group. The viruses have been tested with antiserum against 
Palyam virus. They have yet to be compared with the remaining Indian viruses, 
Kasba and Vellore, and the African viruses Nyabira and Abadina. If they prove to 
be serologically distinct from these viruses, new names will be proposed. 
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Summary. 31 Palyam serogroup viruses were examined by complement-fixation and 
plaque-reduction neutralization tests and by PAGE of the segmented, double-stranded (ds) 
RNA genome. Although the viruses were indistinguishable by complement-fixation tests, I 0 
distinct virus serotypes were identified by plaque-reduction neutralization methods. Palyarn 
group viruses which were distinct by the neutralization test had unique dsRNA profiles, 
whereas those agents which were indistinct by the neutralization test had identical dsRNA 
profiles. 20 isolations of3 Pal yam serotypes were made from bovines and Culicoidesmidges in 
Australia over a 9-year period. When the genome of these isolates was examined electropho­
retically, the dsRNA profiles of virus isolates within a given serotype were identical. 
Viruses included in the Pal yam serogroup 
have been associated with a variety of ar­
thropods and large mammals, principally bo­
vines, in Africa, Asia, and Australia [ 1-7). On 
the basis of their physicochemical and mor­
phological properties, these agents are in­
cluded in the familyReo••iridae, genus Orbivi-
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rus[8]. They are presumed to be vector-borne 
because they have been recovered frequently 
from blood-sucking arthropods, such as 
mosquitoes, ticks, and Culicoides midges. 
Since one member of the Pal yam serogroup, 
Nyabira, has been isolated repeatedly from 
aborted bovine fetuses in East Africa, the 
Palyam group agents may have some veterin­
ary or public health importance(?]. However, 
the disease potential of other vjruses in this 
serogroup remains unknown. 
The Palyam serogroup currently consists 
of 10 antigenically related virus types: Paly­
am, Kasba, Vellore, D'Aguilar, Nyabira, 
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Abadina, CSTRO Village, Bunyip Creek, 
Marrakai, and Petevo [I, 5, 6]. These agents 
are broadly cross-reactive and indistinguish­
able in complement-fixation (CF) tests, but 
they can be differentiated by neutralization 
methods [I, 6, 9]. In this study, 31 isolates of 
Palyam group viruses were examined by CF 
and plaque-reduction neutralization (PRN) 
tests and by PAGE of the viral double­
stranded (ds) RNA genome. This paper re­
ports the results of these studies, and it at­
tempts to characterize the Palyam serogroup 
viruses. 
Materials and Methods 
Cells 
Vero cells were used for preparing virus stocks 
and for PRN tests. The cells were grown at 36° in 
M EM with Earle's salts, containing 5% fetal bovine 
serum, 150 mEq NaHCOl,200 mM l.rglutamine,pen­
icillin (250 U/ml), and streptomycin (200 !lg/ml). 
Table 1. Palyam group viruses 
Virus Strain Source 
Palyam G5287 Culex 'vislmui' 
Kasba Gl5534 Culex 'vislmui' 
Knudson/Tesh/Main/St. George/Digouue 
Vin1ses 
The virus strains used in this study as well as their 
source, place, and date of isolation are listed in tables 
.1 and IT. Virus stocks were prepared from infected 
Vero cells. Since Nyabira virus is a restricted agent in 
the United States, it was not used in this study. 
Immune Reagenls 
Specific hyperimmune ascitic fluids were pre­
pared in adult Swiss mice following established pro­
tocols [10]. Briefly, the immunization schedule con­
sisted of 4 intraperitoneal injections given at 7- to 
14-day intervals. Immunizing antigens were prepared 
from infected newborn mouse brain (I 0% suspension 
in phosphate-buffered saline). and they were mixed 
with equal volumes of Freund's complete adjuvant 
prior to injection. Sarcoma 180 cells were also given 
intraperitoneally with the final immunization to in­
duce ascites formation. A Nyabira mouse ascitic fluid 
was kindly provided by Dr. R. Swanepoel (National 
Institute ofVirology, Sandringham, South Africa). 
Serological Tesls 
CF tests were performed using a microtechnique 
with 2 full units of guinea pig complement [!I]. Titers 
were recorded as the highest dilutions giving 3 + or 
4 + fixation of complement on a scale of 0 to 4 +. 
Geographical originl Date of 
isolation 
Vellore, lndia 1956 
Vellore, lndia 1957 
Vellore 68886 Culex pseudovislmui Vellore, India 1966 
D'Aguilar B8112 Culicoides brevitarsis 
CSIRO Village CSIRO 11  Culicoides spp. 
Marrakai CSIRO 82 Culicoides schullzei, 
Culicoides peregrinus2 
Bunyip Creek CSlRO 87 Culicoides schullzei 
Abadina lb Ar 22388 Culicoides spp. 
Nyabira 792/73 calf (aborted fetus) 
Petevo Ar TB 2032 Amblyomma variegatum 
_3 ArK 58 Amblyomma variega/um 
1 Q. =Queensland; N.T. = Northern Territory. 
2 Mixed pool of insects. 
3 Unnamed virus. 
Bunya, Q., Australia 1972 
Beatrice Hill, N.T., Australia 1974 
Beatrice Hill, N.T., Australia 1975 
Beatrice Hill, N.T., Australia 1976 
Ibadan, Nigeria 1967 
Nyabira, Zimbabwe 1973 
Bangui, Central African Republic 1978 
Kindia, Republic of Guinea 1978 
Pal yam Serogroup Viruses 
PRN tests were performed in microplate cultures 
of Vero cells using a constant virus inoculum (50-120 
PFU) against varying dilutions of the antiserum [12]. 
After heat-inactivation (56° for 30 m in), antisera were 
prepared in 2-fold serial dilutions (from I :10 to 
I :20,480) in phosphate-buffered saline, pH 7.4, con­
taining 0.5% gelatin. Antiserum-virus mixtures were 
incubated overnight at 5° prior to inoculation. Two 
microplate wells were inoculated with each antiserum 
dilution. The highest antiserum dilution producing 
<!:.90% plaque inhibition was recorded as the end­
point. 
Exuacrion ofdsRNA, pCp Labellng, and dsRNA 
Electrophoresis 
The technique for extraction of dsR NA was devel­
oped by D.L. Knudson. and the detailed protocol has 
been described elsewhere ( 13]. Likewise. the pro to-
Table U. Australian Palyam group virus isolates 
Virus Isolate Source 
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cols for pCp labeling of the 3' ends of the dsR NA 
segments and the electrophoretic separation of the 
dsRNA in Tris-glycine buffered 10% polyacrylamide 
gels have been described [13-16]. 
Results 
Tables I and If list the Palyam serogroup 
virus strains and isolates which were used in 
this study. The strains are listed by their 
country of origin and year of isolation. 
Since the CF test has been the basis for 
serologic grouping (serogroup) of orbivi­
ruses, this procedure was done initially to 
Geographical originL Date 
D'Aguilar 88112 Culicoides brevi tarsis Bunya, Q. 1972 
CSJRO 208 cow Mt. Bundy, N.T. 1978 
CSIRO 209 cow Tortilla, N.T. 1978 
CSIRO 211 cow Douglas Daly, N.T. 1979 
CSIRO 330 cow Tortilla, N.T. 1980 
CSLRO 353 cow Tortilla, N.T. 1980 
CSIRO 662 Cu. brevitarsis Pcachester, Q. 1980 
CSIRO 681 Cu. brevitarsis Peachester, Q. 1980 
CSIRO 703 Cu. brevitarsis Peachester, Q. 1981 
Bunyip Creek CSIRO 87 Cu. schultzei Beatrice Hill, N.T. 1975 
CSLRO I 12 cow Kununurra, W.A. 1976 
CSIRO 113 Cu. breviwrsis Camden, N.S.W. 1976 
CSJRO 166 cow Beatricc Hill, N.T. 1978 
CSLRO 155 cow Peachester, Q. 1979 
CSIRO 186 cow Peachester, Q. 1979 
CSLRO 422 cow Tortilla, N.T. 1980 
CSIRO 674 Cu. brevitarsis Peacbester, Q. 1980 
CSIRO 722 Cu. brevitarsis Peachester, Q. 1981 
CSIRO Village CSIRO 11 Culicoides spp. Beatrice Hill, N.T. 1974 
CSIRO 55 cow Peachester, Q. 1976 
CSIRO 193 cow Paterson, N.S.W. 1978 
CSlRO 205 Cu. bre1•itarsis Kairi,Q. 1979 
CSIRO 305 cow Kairi, Q. 1980 
Q. =Queensland; N.T. =Northern Territory; W.A. =Western Australia; N.S.W. =New South Wales. 
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Table TIT. CF tests with Palyam serogroup viruses 
Antigen Antiserum 
Pal yam CSIRO Kasba Abadina Ar K58 Marrakai Veil ore 
Village 
Pal yam 128/32" 64/32 256/64 256/32 64/16 128/64 256/128 
CSTRO Village 16/16 128/8 128/4 64/8 8/4 32/4 128/64 
Kasba 128/64 128/64 512/128 256/64 64/32 128/64 256/� 128 
Abadina 128/32 64/32 256/64 256/64 64/64 128/64 256/� 128 
ArK 58 32/16 128/16 256/16 256/16 64/8 128/16 256/64 
Marrakai 128/64 128/64 256/64 256/128 64/32 256/64 256/128 
Vellore 128/64 128/64 256/64 256/64 64/32 128/64 512/� 128 
Bunyip Creek 128/32 64/64 256/64 128/64 32/32 128/64 128/� 128 
D'Aguilar 128/64 64/64 256/64 256/64 32/32 128/64 128/;;:::. 128 
Petevo 128/64 128/64 256/128 256/128 64/64 128/128 256/� 128 
Reciprocal of highest antiserum dilution/highest antigen dilution. Italics indicate homologous titer. 
Table IV. PRN tests with PaJyam serogroup viruses 
Virus Antiserum 
Pal yam CSlRO Kasba Abadina ArK 58 Marrakai Vellore 
Village 
Pal yam 320a 320 0 0 0 0 0 
CSlRO Village 40 5,120 0 0 0 0 0 
Kasba 0 0 >20,480 2,560 320 40 0 
Abadina 0 0 1,280 5.120 1,280 0 0 
ArK 58 0 0 2,560 2,560 1,280 0 0 
Marrakai 0 0 10 20 0 >20,480 0 
Vellore 0 0 0 0 0 0 10,240 
Buoyip Creek 0 0 0 0 0 0 640 
D'Aguilar 0 0 0 0 0 0 20 
Petevo 0 0 0 0 0 0 10 
Reciprocal of highest antiserum dilution producing � 90% plaque inhibition. Italics indicate homologous titer. 
establish that the viruses were antigenically 
related. Results of cross CF tests with 11 
Palyam serogroup viruses are given in table 
Ill. The viruses were indistinguishable by 
this technique, indicating that they share 
common antigens. 
The results of PRN tests are summarized 
in table IV. 10 of the 11 Palyam serogroup 
viruses examined by the neutralization test 
appeared to be antigenically distinct using 
the criterion of a 4-fold or greater difference 
between homologous and heterologous anti­
sera titers. 
When the segmented dsRNA genome of 
Pal yam Serogroup Vi ruses 
Table HI (continued) 
Bunyip D'Aguilar Petevo Nyabira 
Creek 
64/32 256/64 256/32 128/64 
64/32 256/16 128/8 128/8 
128/64 512/64 256/64 128/� 128 
128/64 256/64 128/64 128/� 128 
64/32 256/16 128/16 128/32 
128/64 512/64 128/64 128/� 128 
64/64 256/64 256/64 128/� 128 
128/128 256/64 128/64 128/� 128 
128/64 512/�128 128/64 128/<::. 64 
64/128 256/<::. 128 256/128 128/� 128 
Table IV (continued) 
Bunyip D'Aguilar Petevo Nyabira 
Creek 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
20 0 0 0 
80 0 0 0 
0 320 0 1,280 
0 0 10,240 0 
10 of the Palyam serogroup viruses was ex­
amined by PAGE, 9 distinctive profiles of 
their ds RN A segments were observed (fig. I). 
Abadina and ArK 58 were indistinguishable 
by PAGE, and this finding was confirmed by 
eo-electrophoresis of these 2 virus isolates 
(data not shown). The apparent molecular 
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weights of their dsRNA segments were calcu­
lated by linear regression analyses using the 
Dearing strain of reovirus type 3 as the mo­
lecular weight standard (table V). 
23 isolates of D'Aguilar, Bunyip Creek, 
and CSIRO Village virus serotypes were also 
examined by PAGE. The results indicated 
that those viruses belonging to the same sero­
t_ype had identical dsRNA profiles (data not 
shown). For example, the 9 virus isolates 
identified as D'Aguilar by the neutralization 
test (table ll) had identical dsRNA patterns. 
Likewise, the Bunyip Creek isolates were in­
distinguishable, and each of the CSIRO Vil­
lage isolates was similar. 
When D' Aguilar, Bunyip Creek, and CS.l­
RO Village viruses were eo-electrophoresed 
in pairwise combinations (data not shown), 
the dsRNA profiles were identical for 9 of the 
I 0 dsRNA segments. Only the second largest 
segment varied among the three distinct sera­
types (fig. I). 
Discussion 
The Pal yam serogroup is composed of at 
least I 0 distinct virus serotypes on the basis 
of the neutralization test results (table IV) 
and the PAGE analysis of their segmented 
dsRNA genome (fig. 1). A.lthough Palyam 
and CSJRO Village viruses were distinguish­
able by PRN tests, the 2 viruses were closely 
related antigenically. Similarly, Bunyip 
Creek and Vellore viruses were related, but 
distinct, serotypes. ln contrast, Abadina and 
Ar K 58 viruses were indistinguishable by 
PRN tests, and they appeared to be identical 
by PAGE. Thus, the isolate ArK 58 was not 
different from Abadina by these tests, and it 
does not represent a novel or new type. Abad­
ina was closely related to Kasba virus, and 






Fig. I. Autoradiogram depict­
ing the resolution of the segmented 
dsRNA genome of members of the 
Pal yam serogroup by electrophore­
sis of 3' end-labeled dsRNA 
through Tris-glycine-buffered I 0% 
polyacrylamide gel. The viruses 
are, from left to right, reovirus, 
Pal yam, CSJ RO Village, Kasba, 
Abadina, Ar K 58, Marrakai, Vel-
- -- lore, Bunyip Creek, o· Aguilar, 
both were distantly related to Marrakai 
(table IV). D' Aguilar virus was significantly 
inhibited by the Nyabira antiserum, indicat­
ing an antigenic relationship between these 2 
agents (table IV). The reciprocal reaction 
could not be performed because Nyabira is a 
restricted agent. However, D' Aguilar and 
Nyabira viruses were demonstrated to be dis­
tinguishable by mouse neutralization tests in 
an earlier study [7}. 
Based upon these results, the Pal yam sero­
group viruses could be subdivided into 5 
antigenic complexes. A list of the recognized 
viruses and their apparent serologic classifi­
cation is given in table VI. Under this system, 
viruses which are closely related antigenical­
ly, such as Palyam and CSIRO Village or 
Kasba and Abadina, are assigned to com­
plexes within the broader Palyam serogroup. 
The Palyam group viruses are unusual in 
the diversity of arthropods with which they 
have been associated. For example, Palyam 
group viruses have been recovered from 
- Petevo, and reovirus. 
ticks, mosquitoes and Cu/icoides midges 
(tables I and ll). Even viruses within the same 
antigenic complex, such as Kasba, Abadina, 
and Marrakai, have been associated with a 
variety of arthropods. In the absence of ex­
perimental studies, it is unknown whether 
each of these arthropod groups is actually 
capable of biological transmission of the vi­
ruses associated with them. However, it is 
noteworthy that the other orbivirus sero­
groups have been associated almost exclu­
sively with a single type of arthropod [8, 13]. 
Another curious aspect about the Palyam 
serogroup viruses is the apparent genetic sta­
bility of the viral isolates. For example, the 
isolates of D' Aguilar, Bunyip Creek, or CSI­
RO Village viruses (table 11), which were 
obtained from bovines as well as Culicoides 
midges between 1972 and 1982 from diverse 
geographic regions of Australia, were simi­
lar. Since the serotype of each agent had been 
determined previously by neutralization test 
[I], these isolates were only examined by 
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Table V. Palyam serogroup viruses: apparent molecular weight of the dsRNA segments 
Complex: dsRNA segment and total genome molecular weights 
Virus 
Strain 2 3 4 5 6 7 8 9 10 sum 
Pal yam complex: 
Pal yam 
05287 2.31• 2.09 1.95 1.23 1.09 1.01 0.58 0.49 0.37 0.32 11.45 
0.03b 0.02 0.02 0.02 0.02 0.02 0.01 0.00 0.01 0.01 0.10 
CS1RO Village 
CS1RO 11 2.34 2.18 1.77 1.20 1.12 1.08 0.60 0.52 0.36 0.32 11.48 
0.03 0.03 0.03 0.03 0.02 0.04 0.02 0.02 0.01 0.01 0.16 
Kasba complex: 
Kasba 
015534 2.31 1.91 1.77 1.13 1.09 1.04 0.60 0.49 0.36 0.30 11.00 
0.04 0.05 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.16 
Abadina 
lb Ar 22388 2.40 1.94 1.78 1.22 1.03 1.03 0.61 0.51 0.36 0.30 11.20 
0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.04 
Marrakai 
CSIRO 82 2.38 2.08 1.81 1.!7 1.05 1.05 0.60 0.50 0.37 0.31 11.32 
0.03 0.04 0.04 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.19 
Veil ore complex: 
Veil ore 
68886 2.37 1.95 1.93 1.20 1.10 1.10 0.57 0.49 0.40 0.29 11.39 
0.03 0.04 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.11 
Bunyip Creek 
CSIRO 87 2.30 1.90 1.76 1.18 1.09 1.06 0.59 0.51 0.36 0.31 11.08 
0.02 0.03 0.03 0.00 0.02 0.01 0.01 0.01 0.01 0.01 0.08 
D'Aguilar complex: 
D'Aguilar 
88112 2.29 2.00 1.75 1.17 1.09 1.06 0.59 0.51 0.36 0.31 11.15 
0.05 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.17 
Petevo complex: 
Petevo 
ArTB-2032 2.43 2.07 1.82 1.20 1.14 1.03 0.65 0.50 0.37 0.27 11.47 
0.05 0.05 0.05 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.21 
Reo1•iridaec: 
Reovirus 3 
Dearing 2.59 2.42 2.30 1.57 1.57 1.36 0.93 0.75 0.65 0.62 14.75 
0.03 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.09 
a. Molecular weight x 10-s. 
b Standard deviation. 
0 Reovirus 3 Dearing strain included as ihe molecular weight standard in the calculations. 
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Table VI. Palyam serogroup viruses : apparent sero­
logic classification 
Complex Serotype Strain 
Pal yam Pal yam 05287 
CSIRO Village CSIRO 11 
Kasba Kasba 015534 
Abadina lb Ar 22388 
Marrakai CSIRO 82 
Vellore Vellore 68886 
Bunyip Creek CSIRO 87 
D'Aguilar D'Aguilar B8.112 
Nyabira 792/7 3 
Petevo Petevo ArTB-2032 
PAGE. Isolates which were identical by the 
neutralization test were also identical by 
PAGE. Likewise, the overall similarity 
among 9 of the 10 segment mobilities of the 
dsRNA patterns of viruses in these 3 sero­
types was also remarkable. For example, 
these results may suggest that the 3 serotypes 
are more related genetically than the neutra­
lization test results imply. Although serologic 
tests.such as CF and PRN are powerful diag­
nostic tools, they may not be entirely appro­
priate for detailed examinations of genetic 
intra-relationships. 
Results of this study are in marked con­
trast with those reported by Travassos da 
Rosa et al. [13] with the Changuinola sera­
group. Studies with this orbivirus serogroup 
indicate that the group is comprised of a large 
number of distinct virus serotypes. 24 strains 
from a collection of 178 Changuinola group 
virus isolates collected in South America 
over a 20-year period were selected for ex­
amination. 22 of these viruses were distinct 
by neutralization tests or PAGE, which sug­
gests tbat new Changuinola virus serotypes 
may be continually evolving. However, the 
results with the Palyam serogroup virus iso-
Knudson/Tesh/Main/St. Oeorge/Digoutte 
lates from Australia (fig. I; tables T, fl, V) 
suggest the opposite, namely that the Pal yam 
group viruses are apparently genetically 
quite stable. If these findings are taken col­
lectively, they suggest that the survival strate­
gies used by the different serogroups of or­
biviruses may vary. 
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T H E  I SOLAT I O N  OF ARBOVIRUSES FROM I NSECTS COLLECTED AT 
BEATR I C E  H I L L ,  NORTHERN TERR I TORY O F  AUSTRAL I A  1974-1976  
BY 
H .A. STANDFAST, A .L. DYCE, T .D. ST .GEORGE, M .J .MULLER, 
R . L .  DOHERTY, J .G. CARLEY and C. Fill PPICH 
The Beatr i ce Hi l l  project wa� a major fie 1 d and 1 aboratory study . It 
was pl anned by the f i rst three authors plus Mr . M .D .  Murray , CSIRO, 
Di v i s ion of Tropical Animal Science . The · general respons i b i l i ties 
were : Fiel d Studies - Messrs Standfast ,  Dyce , Mul l e r ;  Vi rus Isolation -
Messrs Standfast and St .George ; Virus Identi f i cation ( i n itial  screening  
for  bovine ephemeral fever vi rus ) - Mr . Standfast ; previously known 
Austra l i an Arbovi rus Identifi cation - Drs . Doherty , Carley, Cheryl 
Fi l i ppi ch ; !dent i fi  cation of Arbovi ruses not Previ ous ly known in  
Austra l i a- Dr . Shope , Ya le  Arbovirus Research Uni t . A major factor i n  
the choice o f  Beatr ice Hi l l  a s  the s i te for the project was that 
serol ogy of senti nel cattle had shown that bovine ephemeral fever vi rus 
was transmitted there every year . This was in contrast to most other 
s ites from whi ch such i nformation was avai l abl e duri ng  the p lanning  
stages . The paper was written by Mr . St . George and mysel f .  Deri vat i ve 
papers on b 1 uetongue vi rus , Pa lyam group vi ruses , Thi mi ri vi rus and 
bovine ephemera 1 fever vi rus , which were pub 1 i shed before this paper was 
written , were based on this 1 arger study • 
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M a p p u t t a * ;  
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E u b e n a n g e e * ;  
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0 0 0  v i r u s e s )  a n d  a  n e w  r e c o r d  f o r  T h i m i r i  v i r u s  w h i c h  h a d  n o t  b e e n  r e c o r d e d  p r e v i o u s l y  i n  A u s t r a l i a  
n o r  h a d  i t  b e e n  i s o l a t e d  f r o m  a n  a r t h r o p o d .  N i n e  o f  t h e  v i r u s e s  i s o l a t e d  o c c u r  i n  m o r e  t h a n  o n e  
f a m i l y  o f  D i p t e r a .  
I n t r o d u c t i o n  
I n  A u s t r a l i a ,  b o v i n e  e p h e m e r a l  f e v e r  h a s  b e e n  r e p o r t e d  s i n c e  1 9 3 6 .  E p i d e m i c s  o f  t h e  
d i s e a s e  o c c u r r e d  i n  1 9 3 6 - 3 7 ,  1 9 5 5 - 5 6 ,  1 9 6 7 - 6 8 ,  1 9 7 0 - 7 1  a n d  1 9 7 2 - 7 4  ( S t  G e o r g e  e t  a l .  
1 9 7 7 ) .  T h e  i n d i r e c t  e v i d e n c e  a c c u m u l a t e d  i n  A u s t r a l i a  i n d i c a t e d  t h a t  b o v i n e  e p h e m e r a l  
f e v e r  w a s  s p r e a d  b y  a n  i n s e c t  v e c t o r  ( S e d d o n  1 9 3 8 ;  M a c k e r r a s  e t  a l .  1 9 4 0 ;  M u r r a y  1 9 7 0 ;  
N e w t o n  a n d  W h e a t l e y  1 9 7 0 ) .  H o w e v e r ,  d i r e c t  e v i d e n c e  o f  i n s e c t  i n v o l v e m e n t  w a s  l a c k i n g  
i n  s p i t e  o f  e f f o r t s  a p p l i e d  t o  i s o l a t i n g  v i r u s e s  f r o m  p o t e n t i a l  v e c t o r s  c o l l e c t e d  d u r i n g  t h e  
1 9 6 7 - 6 8 ,  1 9 7 0 - 7 1  a n d  1 9 7 2 - 7 4  o u t b r e a k s  ( D o h e r t y  e t  a l .  1 9 7 2 ;  H .  A .  S t a n d f a s t  a n d  A .  L .  
D y c e ,  u n p u b l i s h e d  d a t a ) .  C o n s e q u e n t l y  t h e  p r o c e d u r e  o f  c a r r y i n g  o u t  i n s e c t  c o l l e c t i o n s  
o n l y  w h e r e  a n d  w h e n  a n  e p i d e m i c  o c c u r r e d  w a s  r e v i s e d  t o  t h a t  o f  c o l l e c t i n g  c o n t i n u o u s l y  
0 0 0 4 - 9 4 1 7 / 8 4 / 0 5 0 3 5 1  $ 0 2 . 0 0  
3 5 2  
H .  A .  S t a n d f a s t  e t  a l .  
i n  a n  a r e a  w h e r e  t h e r e  w a s  a  h i g h  p r o b a b i l i t y  t h a t  i n f e c t i o n  o f  c a t t l e  w i t h  b o v i n e  e p h e m e r a l  
f e v e r  w o u l d  o c c u r .  B e a t r i c e  H i l l  i n  t h e  N o r t h e r n  T e r r i t o r y  w a s  s e l e c t e d  b e c a u s e  s e n t i n e l  
h e r d  s e r o l o g y  ( S t  G e o r g e  e t  a l .  1 9 7 7 )  i n d i c a t e d  t h a t  b o v i n e  e p h e m e r a l  f e v e r  w o u l d  b e  
e n c o u n t e r e d  i f  c o l l e c t i o n s  w e r e  m a d e  t o  c o v e r  t w o  w e t  s e a s o n s .  L a b o r a t o r y  f a c i l i t i e s  w e r e  
a v a i l a b l e  o n  s i t e ,  a n d  i m p o r t a n t l y ,  a c c e s s  b y  r o a d  w a s  p o s s i b l e  t h r o u g h o u t  t h e  y e a r .  
M a t e r i a l s  a n d  M e t h o d s  
F i e l d  S t u d i e s  S i t e  
T h e  s i t e  w a s  o n  t h e  s u b c o a s t a l  p l a i n ,  8 0  k I n  s o u t h - e a s t  o f  D a r w i n  a t  B e a t r i c e  H i l l  ( l a t .  1 2 ° 3 9 ' S . , l o n g .  
1 3 1 ° 2 0 ' E . ) .  T h e  p e r i o d  o f  o b s e r v a t i o n  a n d  c o l l e c t i o n  e x t e n d e d  f o r  8 1  w e e k s  f r o m  O c t o b e r  1 9 7 4  t o  
M a y  1 9 7 6 .  T h i s  p e r i o d  i n c l u d e d  t w o  w e t  s e a s o n s  a n d  t h e  i n t e r v e n i n g  d r y  s e a s o n .  T h e  a r e a  c o n t a i n e d  
a  r i c h  a v i a n  f a u n a  i n c l u d i n g  b o t h  r e s i d e n t  a n d  m i g r a t o r y  w a d e r s  a n d  a  l a r g e  p o p u l a t i o n  o f  m a r s u p i a l s  
w i t h  t h e  a g i l e  w a l l a b y  ( M a c r o p u s  a g i l i s  a g i l i s )  t h e  d o m i n a n t  s p e c i e s .  O t h e r  v e r t e b r a t e s  i n c l u d e d  s e v e r a l  
s p e c i e s  o f  r o d e n t s ,  b a t s ,  s m a l l  m a r s u p i a l s ,  a n d  a  l a r g e  p o p u l a t i o n  o f  b o t h  f e r a l  a n d  d o m e s t i c a t e d  w a t e r  
b u f f a l o  ( B u b a l u s  b u b a l i s )  a n d  c a t t l e  a n d  f e r a l  p i g s .  A  d e s c r i p t i o n  o f  t h e  a r e a  i n c l u d i n g  s e c t i o n s  o n  
c l i m a t e ,  g e o l o g y ,  g e o m o r p h o l o g y ,  s o i l s  a n d  v e g e t a t i o n  i s  g i v e n  b y  S t o r y  ( 1 9 6 9 ) .  
I n s e c t  C o l l e c t i o n s  
T r u c k  t r a p s ,  l i g h t  t r a p s  a n d  a n i m a l  ( b u f f a l o )  b a i t  c o l l e c t i o n s  w e r e  e m p l o y e d  u s i n g  t e c h n i q u e s  
d e s c r i b e d  b y  D y c e  e t  a l .  ( 1 9 7 2 ) .  
V i r u s  I s o l a t i o n  
T h e  i n s e c t s  w e r e  s o r t e d  a t  t h e  f i e l d  s i t e  w h i l e  s t i l l  a l i v e .  I n  m o s t  c a s e s  t h e y  w e r e  i d e n t i f i e d  t o  
s p e c i e s .  W h e n  t h e  n u m b e r s  o f  i n s e c t s  i n  a  c o l l e c t i o n  w e r e  t o o  l a r g e  t o  p r o c e s s  i n  t h e  t i m e  a v a i l a b l e  
a t  l e a s t  1 0 0 0  i n s e c t s  w e r e  i d e n t i f i e d  a n d  t h e  r e m a i n d e r  w e r e  b u l k e d  a c c o r d i n g  t o  g e n u s .  I n s e c t s  
c o n t a i n i n g  b l o o d  w e r e  e x c l u d e d  f r o m  p o o l s  f o r  v i r u s  i s o l a t i o n  a n d  s u b m i t t e d  f o r  b l o o d  m e a l  
i d e n t i f i c a t i o n  ( M u l l e r  e t  a l .  1 9 8 1 ) .  T h e  s p e c i e s  p o o l s  o f  i n s e c t s  w e r e  s t o r e d  a n d  t r a n s p o r t e d  i n  l i q u i d  
n i t r o g e n  t o  t h e  L o n g  P o c k e t  L a b o r a t o r i e s  f o r  v i r u s  i s o l a t i o n .  
O n  a  d a y  t h a t  v i r u s  i s o l a t i o n  w a s  t o  b e  a t t e m p t e d  s u f f i c i e n t  g r o u p s  o f  i n s e c t  c o l l e c t i o n s  w e r e  t h a w e d  
o n  a  r e f r i g e r a t e d  t a b l e  a n d  a m a l g a m a t e d  a c c o r d i n g  t o  s p e c i e s ,  d a t e  a n d  m e t h o d  o f  c o l l e c t i o n  t o  f o r m  
g r o u p s  o f  u p  t o  5 0  f o r  m o s q u i t o e s  a n d  2 0 0  f o r  b i t i n g  m i d g e s .  L e s s  c o m m o n  s p e c i e s  w e r e  p r o c e s s e d  
i n  s m a l l e r  g r o u p i n g s .  T o  e a c h  p o o l  o f  i n s e c t s  w a s  a d d e d  1  m l  o f  c h i l l e d  r a b b i t  s a l i n e  [ 1 0 %  ( w / v )  
s t e r i l e  r a b b i t  s e r u m  i n  0 · 0 5  M  p h o s p h a t e - b u f f e r e d  s a l i n e  o f  p H  7 · 2  w h i c h  c o n t a i n e d  1 · 6  m g  o f  
s t r e p t o m y c i n  s u l f a t e  a n d  1 0 0 0  u n i t s  o f  p e n i c i l l i n  G  p e r  m i l l i l i t r e  1  a n d  g r o u n d  i n  a  5 - m l  t i s s u e  g r i n d e r  
( C a t a l o g u e  7 9 2 7 / 9 6 6 ,  C o r n i n g  J o b l i n g ,  M e l b o u r n e )  i n  a n  i c e - b a t h .  T h e  g r o u n d  i n s e c t  m a t e r i a l  w a s  
c e n t r i f u g e d  a t  2 0 0 0  g  f o r  3 0  m i n  a t  4 ° C .  
A  0 · 0 2  m l  a l i q u o t  o f  s u p e r n a t a n t  f r o m  e a c h  i n s e c t  p o o l  w a s  i n o c u l a t e d  i n t r a c e r e b r a l l y  i n t o  e a c h  
o f a  l i t t e r  o f  s i x  m i c e  1 - 3  d a y s  o l d .  T h e  b r a i n s  o f  m i c e  w h i c h  d i e d  o r  b e c a m e  s i c k  4 8  h  o r  m o r e  a f t e r  
i n o c u l a t i o n  w e r e  p a s s a g e d  i n t r a c e r e b r a l l y  t o  f u r t h e r  l i t t e r s  o f  m i c e  u n t i l  a  r e g u l a r  d e a t h  o r  p a r a l y s i s  
p a t t e r n  w a s  e s t a b l i s h e d .  T h e  b r a i n s  o f  s u r v i v o r s  w e r e  h a r v e s t e d  a t  1 4  d a y s  a n d  p a s s a g e d  i n  s u c k l i n g  
m i c e  b e f o r e  b e i n g  d i s c a r d e d  a s  n e g a t i v e .  
T h e  t e c h n i q u e  o f  i n o c u l a t i n g  p a r t  o f  t h e  s u p e r n a t a n t  t o  c e l l  c u l t u r e s  ( b a b y  h a m s t e r  k i d n e y  B H K 2 I )  
w a s  i n t r o d u c e d  i n  A p r i l  1 9 7 5 ,  5  m o n t h s  a f t e r  t h e  f i r s t  i s o l a t i o n  a t t e m p t s  i n  s u c k l i n g  m i c e .  P o o l s  w e r e  
t h e n  p r o c e s s e d  b y  p a s s a g i n g  t h r e e  t i m e s  i n  B H K 2 1  c e l l s  i n  p a r a l l e l  w i t h  m i c e .  P o o l s  w h i c h  h a d  b e e n  
p r o c e s s e d  p r i o r  t o  A p r i l  1 9 7 5  i n  m i c e ,  w e r e  r e c u l t u r e d  i n  c e l l  c u l t u r e s ,  a l t h o u g h  t h e s e  i n s e c t  p o o l s  
h a d  b e e n  f r o z e n  a n d  t h a w e d  o n c e  o r  t w i c e .  T h e  t i s s u e  c u l t u r e  m o n o l a y e r s  w e r e  p r e p a r e d  a s  d e s c r i b e d  
b y  S t  G e o r g e  e t  a l .  ( 1 9 7 8 a ) .  
T h e  v i r u s e s  w e r e  s c r e e n e d  i n  a  n e u t r a l i z a t i o n  t e s t  u s i n g  s u c k l i n g  m i c e  a n d  a n  a n t i s e r u m  p r e p a r e d  
a g a i n s t  b o v i n e  e p h e m e r a l  f e v e r  v i r u s .  T h o s e  v i r u s e s  w h i c h  w e r e  n e g a t i v e  i n  t h i s  t e s t  w e r e  t e s t e d  a t  
T h e  Q u e e n s l a n d  I n s t i t u t e  o f  M e d i c a l  R e s e a r c h  ( Q I M R )  b y  s t a n d a r d  m e t h o d s  ( D o h e r t y  e t  a l .  1 9 7 9 )  
a g a i n s t  a n t i s e r a  t o  a l l  k n o w n  A u s t r a l i a n  a r b o v i r u s e s  ( D o h e r t y  1 9 7 2 ,  1 9 7 7 ) .  V i r u s e s  w h i c h  d i d  n o t  
r e a c t  w i t h  t h e s e  a n t i s e r a  w e r e  s u b m i t t e d  t o  t h e  W H O  I n t e r n a t i o n a l  R e f e r e n c e  C e n t r e ,  Y a l e  A r b o v i r u s  
R e s e a r c h  U n i t .  
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Results 
Thirty isolates of 10 viruses were recovered from the 57596 mosquitoes processed. 
Details of the species recorded, number of individual species processed and number of 
isolations of viruses from each species are summarized in Table 1. Culex annulirostris 
was the most productive of the mosquitoes with 24 isolations of eight viruses from. 
34240 insects. Sixty-four isolates of 16 viruses were made from 175880 biting midges (Table 2). Culicoides marksi was the most productive of the Culicoides with 55 isolates 
of seven viruses coming from this species. The viruses and the arthropod species from 
which they were isolated are listed in Table 3, the isolates are listed in Table 4. 
Table 1. Species of Culicidae collected at Beatrice Hill which were submitted for virus isolationA 
Species No. of No. of No. of 
insects pools isolations 
Aedeomyia eatastieta Knab 307 46 0 
Aedes (Neomelanieonion) lineatopennis (Ludlow) 1052 35 0 
Ae (Oehlerotatus) normanensis (Taylor) III 24 0 
Ae (Oeh) vigilax (Skuse) 112 17 0 
Ae (Verrallina) !unereus (Theobald) 650 12 0 
Ae (Ver) reesi King & Hoogstraal 393 22 0 
Anopheles (Anopheles) banerofiii Giles 5747 113 2 
An (Cellia) amietus Edwards 1810 63 2 
An (Cel) annulipes Walker 2740 83 
An (Cel) !arauti Laveran 304 13 I 
An (Cel) meraukensis Venhuis 270 27 0 
Coquillettidia (Coquillettidia) erassipes (Van der Wulp) 182 8 0 
Cq (Coq) xanthogaster (Edwards) 1565 66 0 
Culex (Culex) annulirostris Skuse 34240 493 24 
Cx (Cux) bitaeniorhynehus Giles 799 44 0 
Cx (Cux) quinque!asciatus Say 239 27 0 
Cx (Cux) sitiens Wiedemann 756 49 0 
Cx (Culiciomyia) pullus Theobald 897 37 0 
Cx (Lophoeeraomyia) spp. 301 37 0 
Mansonia (Mansonioides) uniformis (Theobald) 2191 81 0 
Mimomyia (Etorleptiomyia) elegans (Taylor) 687 59 0 
Mi (Mimomyia) ehamberlaini metalliea (Leicester) 358 48 0 
Uranotaenia (Uranotaenia) albeseens Taylor 793 35 0 
Ur (Ura) nivipes (Theobald) 218 37 0 
Culicidae processed as pools of more than one species 1074 27 0 
Total 57596 1503 30 
A Small collections (less than 100) of the following species were processed: Aedes (Finlaya) koehi (Doenitz); Ae (Fin) 
notoseriptus (Skuse); Ae (Macleaya) sp. No. 76 Marks; Ae (Mueidus) alternans (Westwood); Anopheles (Anopheles) 
powelli Lee; An (Cellia) novaguinensis Venhuis; Culex (Culex) australieus Dobrotworsky & Drummond; Cx (Cux) 
squamosus (Taylor); Cx (Cux) starekeae Stone & Knight; Cx (Cux) vicinus (Taylor) and Cx (Lutzia) halifaxii Theobald. 
Virus Isolations 
Togaviridae 
Alphavirus. Three isolations of Ross River virus (CSIRO 6, 17 and 41) were made in 
both the mouse and tissue-culture systems with cytopathic effect (CPE) appearing at 3 days 
in the latter; all isolations came from Cx annulirostris.* One isolate of Barmah Forest 
virus, (CSIRO 30) was made from Cx annulirostris processed in suckling mice and three 
isolates (CSIRO 83, 104 and 108) came from C. marksi.* One strain (CSIRO 83) was 
*Mosquito generic and subgeneric names are abbreviated according to Reinert (1975). However, 
C. = Culicoides. 
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isolated in mice and not in tissue culture while the other two (CSIRO 104 and 108) were 
isolated in tissue culture and not in mice. 
Flavivirus. Three isolates of Kokobera virus (CSIRO 7, 31 and 37) were made in suckling 
mice but not in the parallel tissue culture system; all were from Cx annulirostris. 
Table 2. Species of Culicoides, Lasiohelea and Phlebotomus collected at Beatrice Hill 
which were submitted for virus isolation 
Species No. of No. of No. of 
insects pools isolations 
Culicoides austropalpalis Lee & ReyeA 7480 74 0 
C. (Avaritia) brevitarsis Kieffer 5490 76 0 
C. bundyensis Lee & ReyeA 3391 41 0 
C. dycei Lee & ReyeA 58 5 0 
C. (Haemophoructus) sp. 102 II 0 
C. (Meijerehelea) histrio Johannsen 1005 41 I 
C. marksi Lee & ReyeA 72 268 20 55 
C. pallidothorax Lee & ReyeA 66 20 I 
C. (Culicoides) peregrinus Kieffer 15549 116 I 
C. oxystoma KiefferA 44998 271 2 
Culicoides processed as pools of more than one species 19550 140 4 
Total 169957 1213 64 
Lasiohelea spp. undetermined 5923 71 1 
Phlebotomines spp. undeterminedB 1043 40 0 
A These species have not been allocated to a subgenus. 
B Largely Sergentomyia (Parrotomyia) queenslandi (Hill). 
Bunyaviridae 
Bunyavirus. In the Simbu antigenic group Thimiri virus (CSIRO 1) was isolated in 
mice from C. histrio. No attempt was made to isolate the virus in tissue culture. In the 
same group Facey's Paddock virus (CSIRO 10) was isolated in mice from a mixed pool 
of Culicoides. 
Bunyavirus-like. Three isolates of Mapputta virus were isolated. One, CSIRO 78 was 
isolated from An am ictus in both mice and tissue culture while the others, CSIRO 84 from 
An annulipes and CSIRO 86 from An amictus were isolated only in mice. There was a 
single isolate of Belmont virus (CSIRO 38) in mice, from a pool of C. marksi. 
Rhabdoviridae 
One isolate of bovine ephemeral fever virus (CSIRO 42) was made from An bancro/tii. 
The virus was detected in the second mouse brain passage. It was not isolated in tissue 
culture. . . 
Reoviridae 
Orbivirus: Bluetongue antigenic group. One isolate of bluetongue (CSIRO 19) was made 
from a pool of 214 Culicoides of mixed species processed in tissue culture. No isolation 
was made in mice. 
Orbivirus: Eubenangee antigenic group. Six strains were isolated in this group. CSIRO 20 
was isolated in tissue culture but not in mice and came from C. marksi. CSIRO 23 from 
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3 2 ,  3 3 ,  3 4  a n d  3 6 )  w e r e  f r o m  C x  a n n u l i r o s t r i s  a n d  w e r e  a l l  i s o l a t e d  i n  m i c e  b u t  n o t  i n  
t i s s u e  c u l t u r e .  
O r b i v i r u s :  P a ! y a m  a n t i g e n i c  g r o u p .  B u n y i p  C r e e k  v i r u s  ( C S I R O  8 7 )  w a s  i s o l a t e d  f r o m  
C .  o x y s t o m a , *  M a r r a k a i  v i r u s  ( C S I R O  8 2 )  f r o m  a  p o o l  c o n t a i n i n g  1 4 8  C .  o x y s t o m a  a n d  
2 4  C .  p e r e g r i n u s  w h i l e  C S I R O  V i l l a g e  v i r u s  ( C S I R O  1 1 )  w a s  i s o l a t e d  f r o m  a  p o o l  o f  
C u l i c o i d e s  s p p .  A l l  t h r e e  v i r u s e s  w e r e  i s o l a t e d  i n  b o t h  t i s s u e  c u l t u r e  a n d  m i c e .  
O r b i v i r u s :  C o r r i p a r t a  a n t i g e n i c  g r o u p .  T h r e e  i s o l a t e s  o f  C o r r i p a r t a  v i r u s  ( C S I R O  7 6 ,  
1 0 9  a n d  1 3 4 )  w e r e  m a d e  f r o m  C x  a n n u l i r o s t r i s .  T h e  i s o l a t i o n s  w e r e  m a d e  i n  t i s s u e  c u l t u r e .  
N o  i s o l a t i o n s  w e r e  m a d e  i n  m i c e .  
T a b l e  4 .  S t r a i n s  o f  v i r u s  i s o l a t e d  f r o m  i n s e c t s  c o l l e c t e d  a t  B e a t r i c e  H i l l  
F a m i l y  
G e n u s  A n t i g e n i c  V i r u s  
C S I R O  i s o l a t e  N o .  
g r o u p  
T o g a v i r i d a e  A / p h a v i r u s  
A  R o s s  R i v e r  
6 ,  1 7 , 4 1  
A / p h a v i r u s  
A  B a r m a h  F o r e s t  
3 0 ,  8 3 ,  1 0 4 ,  1 0 8  
F / a v i v i r u s  
B  
K o k o b e r a  7 , 3 1 , 3 7  
B u n y a v i r i d a e  B u n y a v i r u s  
S i m b u  T h i m i r i  I  
B u n y a v i r u s  
S i m b u  F a c e y ' s  P a d d o c k  1 0  
B u n y a v i r u s -
M a p p u t t a  M a p p u t t a  7 8 ,  8 4 ,  8 6  
l i k e  
B u n y a v i r u s -
B e l m o n t  
3 8  
l i k e  
R h a b d o v i r i d a e  
B o v i n e  e p h e m e r a l  
4 2  
f e v e r  
R e o v i r i d a e  
O r b i v i r u s  
B l u e t o n g u e  B l u e t o n g u e  1 9  
E u b e n a n g e e  E u b e n a n g e e  2 0 ,  2 3 ,  3 2 ,  3 3 ,  3 4 ,  3 6  
P a l y a m  B u n y i p  C r e e k  
8 7  
P a l y a m  
M a r r a k a i  
8 2  
P a l y a m  
C S I R O  V i l l a g e  I I  
C o r r i p a r t a  C o r r i p a r t a  7 6 ,  1 0 9 ,  1 3 4  
W a l l a l  
W a l l a l  
2 1 ,  2 2 ,  2 4 ,  4 4 ,  4 7 ,  5 6 ,  6 6 ,  6 7 ,  6 8 ,  7 0 ,  
7 1 ,  7 2 ,  7 4 ,  8 5 ,  8 8 ,  9 3 ,  9 4 ,  9 5 ,  9 6 ,  
9 7 ,  9 8 ,  9 9 ,  1 0 2 ,  1 0 3 ,  1 0 5 ,  1 0 6 ,  1 0 7  
R e o v i r i d a e  
O r b i v i r u s  W a r r e g o  
W a r r e g o  
8 ,  9 ,  1 2 ,  1 3 ,  1 8 ,  4 0 ,  4 6 ,  4 8 ,  5 2 ,  6 0 ,  
6 1 ,  6 3 ,  6 4 ,  6 5 ,  6 9 ,  7 3 ,  7 7 ,  8 1 ,  1 0 0 ,  
2 6 0  
U n g r o u p e d  
U n g r o u p e d  
U n g r o u p e d  L e a n y e r  2 , 6 2  
U n g r o u p e d  
U n g r o u p e d  
U n g r o u p e d  P a r k e r ' s  F a r m  
5 7 , 5 9  
U n g r o u p e d  
U n g r o u p e d  U n g r o u p e d  
W o n g o r r  2 6 ,  2 7 ,  2 9 ,  3 5 ,  3 9 ,  4 3 ,  4 5 ,  1 3 1  
U n g r o u p e d  
U n g r o u p e d  
U n g r o u p e d  
N e w  2 5  
U n g r o u p e d  
U n g r o u p e d  
U n g r o u p e d  N e w  
7 9 , 8 0  
U n i d e n t i f i e d  
U n i d e n t i f i e d  
U n i d e n t i f i e d  
U n i d e n t i f i e d  5 1 , 7 5  
O r b i v i r u s :  W a l l a !  a n t i g e n i c  g r o u p .  A l l  2 7  i s o l a t e s  c a m e  f r o m  C .  m a r k s i .  S i x t e e n  i s o l a t e s  
( C S I R O  2 1 ,  2 2 ,  2 4 ,  4 7 ,  5 6 ,  6 6 ,  6 7 ,  6 8 ,  7 0 ,  7 1 ,  7 2 ,  7 4 ,  8 5 ,  8 8 ,  9 3 ,  a n d  1 0 5 )  w e r e  m a d e  i n  
b o t h  m i c e  a n d  t i s s u e  c u l t u r e  w h i l e  t h e  r e m a i n i n g  i s o l a t e s  ( C S I R O  4 4 ,  9 4 ,  9 5 ,  9 6 ,  9 7 ,  9 8 ,  
9 9 ,  1 0 2 ,  1 0 3 ,  1 0 6  a n d  1 0 7 )  w e r e  n o t  d e t e c t e d  i n  t h e  m o u s e  s y s t e m .  
O r b i v i r u s :  W a r r e g o  a n t i g e n i c  g r o u p .  O f  t h e  2 0  i s o l a t e s  o f W a r r e g o  v i r u s ,  1 9  w e r e  f r o m  
C .  m a r k s i  a n d  o n e  ( C S I R O  1 8 )  f r o m  C x  a n n u l i r o s t r i s .  F o u r t e e n  s t r a i n s  ( C S I R O  1 2 ,  1 8 ,  
4 6 ,  4 8 ,  5 2 ,  6 0 ,  6 1 ,  6 3 ,  6 4 ,  6 5 ,  6 9 ,  7 3 ,  7 7  a n d  8 1 )  w e r e  i s o l a t e d  i n  b o t h  m i c e  a n d  t i s s u e  
*  A  r e c e n t  r e v i s i o n  o f  t h e  g r o u p  i n d i c a t e s  t h a t  t h e  s p e c i e s  p r e v i o u s l y  r e f e r r e d  t o  a s  C .  s c h u l t z e i  i s  C .  
o x y s t o m a  K i e f f e r  ( W .  W .  W i r t h ,  p e r s o n a l ' c o m m u n i c a t i o n ) .  
" r b  
. . .  . ( ' . . . . . .  D  
I T ' ] 1  I  
A r b o v i r u s e s  f r o m  B e a t r i c e  H i l l  I n s e c t s  3 5 7  
c u l t u r e  w h i l e  t h r e e  s t r a i n s  ( C S I R O  4 0 ,  1 0 0  a n d  2 6 0 )  w e r e  i s o l a t e d  o n l y  i n  t i s s u e  c u l t u r e ,  
w i t h  n o  v i r u s  d e t e c t e d  i n  t h e  m o u s e  s y s t e m .  F o r  t h r e e  o t h e r s  ( C S I R O  8 ,  9  a n d  1 3 )  n o  
i s o l a t i o n  a t t e m p t  w a s  m a d e  i n  t i s s u e  c u l t u r e .  
T a b l e  5 .  C h a r a c t e r i z a t i o n  o f  i s o l a t e s  C S I R O  2 5  a n d  C S I R O  7 9  p r o t o t y p e  s t r a i n s  
o f  B e a t r i c e  H i l l  a n d  H u m p t y  D o o  v i r u s e s  
S o u r c e  a n d  d e t a i l s  o f  c o l l e c t i o n  C S I R O  2 5  C S I R O  7 9  
( B e a t r i c e  H i l l ) A  
( H u m p t y  D o o ) "  
R e - i s o l a t i o n  
+  
T i t r e s
C  
o f  v i r u s  p o o l s :  
I n  m i c e :  
I n t r a c e r e b r a l  i n f a n t  7 0  
I n t r a p e r i t o n e a l  i n f a n t  
< 6 · 0  
I n t r a c e r e b r a l  w e a n e d  
< 4 ·  5  
I n  c e l l  c u l t u r e :  
P l a q u e  a s s a y  o n  P S - E K  c e l l s  
< 2 · 0  
S u c r o s e - a c e t o n e  e x t r a c t  o f  i n f e c t e d  
m o u s e  b r a i n :  
H a e m a g g l u t i n a t i o n  o f  g a n d e r  c e l l s
D  
F i x a t i o n  o f  c o m p l e m e n t
E  
1 2 8 / 1 6  
T i t r e
F  
a f t e r  f i l t r a t i o n  t h r o u g h  M i l l i p o r e  
m e m b r a n e s  o f  a v e r a g e  p o r e  d i a m e t e r :  
6 5 0  n m  
6 · 0  
3 0 0  n m  
6 · 0  
2 2 0  n m  4 · 3  
1 0 0  n m  
T r a c e  a t  2 ·  5  
5 0  n m  
< 2 ·  5  
S e n s i t i v i t y  t o  s o d i u m  d e o x y c h o l a t e
G
:  
1 / 5 0 0  
3 · 0 / 5 · 5  
1 / 1 0 0 0  
2 · 0 / 5 · 5  
S e n s i t i v i t y  t o  e t h e r G :  
I  h  a t  4 ° C  
n . t .  
8  h  a t  4 ° C  
< 2 · 0 / 4 · 1  
S e n s i t i v i t y  t o  5 - i o d o d e o x y u r i d i n e  
5 · 6 / 5 · 7  
G r o w t h  i n  i n o c u l a t e d  A e d e s  a e g y p t i :  
7  d a y s  i n c u b a t i o n
H  
I ·  3 / 3 · 3  
A  I s o l a t e d  f r o m  C u l i c o i d e s  p e r e g r i n u s  1 7 3 ,  l i g h t  t r a p ,  9  A p r i l  1 9 7 5 .  
"  I s o l a t e d  f r o m  L a s i o h e l e a  s p p .  1 4 1 ,  t r u c k  t r a p ,  1 5  M a y  1 9 7 5 .  
6 · 2 ,  7 · 7  
< 4 · 5 ,  < 3 · 5  
< 4 · 5 ,  < 3 · 5  
n . t .  
1 2 8 / 1 6  
5 · 6  
5 · 5  
5 · 0  
< 2 · 0  
< 2 · 0  
< 2 · 0 / 5 · 0  
< 2 · 0 / 5 · 0  
< 2 · 0 / 5 ·  5  
< 2 · 0 / 5 · 6  
n . t .  
n . t .  
C  T i t r e s  a s  1 0 g l O L D s o i g  ( i n o c u l a t i o n  o f  m i c e )  o n  f i f t h  p a s s a g e  i n  i n f a n t  m i c e .  C e l l  c u l t u r e  t i t r e  
a s  1 0 g l O I D s o i m i .  n . t . ,  n o t  t e s t e d .  
D  S t u d i e s  a t  Y a l e  A r b o v i r u s  R e s e a r c h  U n i t  a t  p H  5 · 7 5 - 7 · 2  a n d  a t  1 · 5  a n d  0 · 4  M .  
E  R e c i p r o c a l  s e r u m  t i t r e / r e c i p r o c a l  a n t i g e n  t i t r e  f o r  h o m o l o g o u s  s y s t e m .  




/ 0 · 0 1 5  m l  ( L c .  i n  i n f a n t  m i c e ) .  




/ 0 · 0 1 5  m l  ( i . c .  i n  i n f a n t  m i c e ) .  T e s t  t i t r e / c o n t r o l  t i t r e .  




/ 0 · 0 1 5  m l  ( L c .  i n  i n f a n t  m i c e ) .  0  t i m e / 1  d a y .  
U n g r o u p e d  
T w o  i s o l a t e s  o f  L e a n y e r  v i r u s  ( C S I R O  2  a n d  6 2 )  w e r e  m a d e  f r o m  C .  m a r k s i  i n  b o t h  
t h e  m o u s e  a n d  t i s s u e  c u l t u r e  s y s t e m s .  
P a r k e r ' s  F a r m  v i r u s  w a s  i s o l a t e d  t w i c e  ( C S I R O  5 7  a n d  5 9 )  f r o m  C .  m a r k s i ,  e a c h  i n  
b o t h  t h e  m o u s e  a n d  t i s s u e  c u l t u r e  s y s t e m s .  
E i g h t  i s o l a t e s  o f  W o n g o r r  v i r u s  w e r e  m a d e .  O n e  ( C S I R O  2 9 )  o r i g i n a t e d  f r o m  C .  
p a l l i d o t h o r a x  w h i l e  t h e  o t h e r  s e v e n  ( C S I R O  2 6 ,  2 7 ,  3 5 ,  3 9 ,  4 3 ,  4 5  a n d  1 3 1 )  c a m e  f r o m  
e x  a n n u l i r o s t r i s .  F o u r  i s o l a t e s  ( C S I R O  2 6 ,  2 7 ,  2 9  a n d  3 1 )  w e r e  m a d e  o n l y  i n  m i c e ,  n o  
3 5 8  
H .  A . S t a n d f a s t  e t  a l .  
v i r u s  w a s  d e t e c t e d  i n  t i s s u e  c u l t u r e .  T h r e e  i s o l a t e s  ( C S I R O  3 9 ,  4 3  a n d  4 5 )  w e r e  m a d e  
o n l y  i n  t i s s u e  c u l t u r e ,  n o  v i r u s  w a s  d e t e c t e d  i n  m i c e .  O n e  i s o l a t e  ( C S I R O  3 5 )  w a s  d e t e c t e d  
i n  b o t h  s y s t e m s  f r o m  a  p o o l  o f  C .  m a r k s i .  
T h r e e  i s o l a t e s ,  C S I R O  2 5  f r o m  C .  p e r e g r i n u s ,  C S I R O  7 9  f r o m  L a s i o h e l e a  s p p .  a n d  
C S I R O  8 0  f r o m  C .  m a r k s i  w e r e  m a d e  o n l y  i n  m i c e .  C S I R O  7 9  w a s  i n d i s t i n g u i s h a b l e  
f r o m  C S I R O  8 0  a n d  a l l  t h r e e  d i d  n o t  r e a c t  w i t h  a n t i s e r a  h e l d  a t  Q I M R .  P r o t o t y p e  s t r a i n s  
o f  C S I R O  2 5  a n d  C S I R O  7 9  w e r e  f r e e z e - d r i e d  a n d  s u b m i t t e d  t o  t h e  W H O  I n t e r n a t i o n a l  
R e f e r e n c e  C e n t r e ,  Y a l e  A r b o v i r u s  R e s e a r c h  U n i t ,  f o r  c o m p a r i s o n  w i t h  t h e  w o r l d  r a n g e  
o f  a r b o v i r u s e s .  A t  Y a l e ,  C S I R O  2 5  a n d  C S I R O  7 9  a n t i g e n s  r e a c t e d  p o s i t i v e l y  w i t h  t h e i r  
h o m o l o g o u s  a s c i t i c  f l u i d s  a n d  w e r e  n e g a t i v e  a t  I  :  4  w i t h  3 9  d i f f e r e n t  p o l y v a l e n t  o r  g r o u p i n g  
f l u i d s .  A  d e t a i l e d  l i s t  h a s  b e e n  l o d g e d  a s  a c c e s s o r y  p u b l i c a t i o n  w i t h  t h e  S u b c o m m i t t e e  o n  
E v a l u a t i o n  o f  A r t h r o p o d - b o r n e  S t a t u s  o f  t h e  A m e r i c a n  C o m m i t t e e  o n  A r t h r o p o d - b o r n e  
V i r u s e s ,  P . O .  B o x  3 3 3 3 ,  N e w  H a v e n ,  C o n n e c t i c u t ,  0 6 5 1 0 ,  U . S . A .  
T h i n - s e c t i o n  e l e c t r o n  m i c r o s c o p y  o f  C S I R O  7 9  v i r u s  a t  Y a l e  r e v e a l e d  p a r t i c l e s  w i t h  
R h a b d o v i r u s - l i k e  m o r p h o l o g y  a n d  m o r p h o g e n e s i s .  
C S I R O  2 5  a n d  C S I R O  7 9  a r e  c o n s i d e r e d  t o  b e  n e w  v i r u s e s  a n d  t h e  n a m e s  ' B e a t r i c e  
H i l l '  ( C S I R O  2 5 )  a n d  ' H u m p t y  0 0 0 '  ( C S I R O  7 9 )  a r e  s u g g e s t e d .  T h e  p r o p e r t i e s  o f  t h e  t w o  
n e w  v i r u s e s  a r e  s u m m a r i z e d  i n  T a b l e  5 .  
T a b l e  6 .  
I s o l a t i o n s  o f  v i r u s  f r o m  i n s e c t  m a t e r i a l  p r o c e s s e d  i n  p a r a l l e l  i n  s u c k l i n g  m i c e  a n d  B H K 2 1  
t i s s u e  c u l t u r e  
V i r u s  M i c e  B H K 2 1  I n s e c t  
V i r u s  
M i c e  B H K 2 1  I n s e c t  
t i s s u e  s p e c i e s  
t i s s u e  
s p e c i e s  
c u l t u r e  
c u l t u r e  
R o s s  R i v e r  
3  3  
C u l e x  a n n u l i r o s t r i s  
C S I R O  V i l l a g e  C u l i e o i d e s  
B a r m a h  F o r e s t  
0  
C x  a n n u l i r o s t r i s  
m i x e d  s p p .  
B a r m a h  F o r e s t  I  
0  C u l i e o i d e s  m a r k s i  
M a r r a k a i  
C .  o x y s t o m a  +  
B a r m a h  F o r e s t  0  2  C .  m a r k s i  
C .  p e r e g r i n u s  
K o k o b e r a  3  0  
C x  a n n u l i r o s t r i s  
B u n y i p  C r e e k  I  
C .  o x y s t o m a  
M a p p u t t a  I  I  
A n o p h e l e s  a m i e t u s  W a l l a l  1 6  1 6  
C .  m a r k s i  
M a p p u t t a  2  
0  
A n  a m i e t u s ,  
W a l l a l  
0  
I I  
C .  m a r k s i  
A n  a n n u l i p e s  W a r r e g o  1 3  1 3  
C .  m a r k s i  
B e l m o n t  
0  C .  m a r k s i  
W a r r e g o  0  3  
C .  m a r k s i  
B o r i n e  e p h e m e r a l  
0  
A n  b a n e r o f t i i  W a r r e g o  I  
I  
C x  a n n u l i r o s l r i s  
f e v e r  L e a n y e r  2  
2  C .  m a r k s i  
B l u e t o n g u e  0  I  C .  m i x e d  s p p .  P a r k e r ' s  F a r m  2  0  
C .  m a r k s i  
C o r r i p a r t a  
0  3  C x  a n n u l i r o s l r i s  
W o n g o r r  
3  
0  
C x  a n n u l i r o s t r i s  
E u b e n a n g e e  0  
I  
C .  m a r k s i  W o n g o r r  I  I  
C x  a n n u l i r o s t r i s  
E u b e n a n g e e  I  
I  A n / a r a u t i  
W o n g o r r  
0  3  
C x  a n n u l i r o s t r i s  
E u b e n a n g e e  
2  
0  
C x  a n n u l i r o s t r i s  W o n g o r r  0  
C .  p a l l i d o t h o r a x  
U n i d e n t i f i e d  V i r u s e s  
T w o  i s o l a t e s  r e m a i n  u n i d e n t i f i e d .  O n e  o f  t h e s e ,  C S I R O  5 1 ,  w a s  i s o l a t e d  f r o m  A n  
b a n c r o f t i i  i n  t i s s u e  c u l t u r e ,  t h e  o t h e r ,  C S I R O  7 5 ,  f r o m  e x  a n n u l i r o s t r i s  i n  m i c e .  B o t h  h a v e  
p a s s e d  a  2 2 0  n m  f i l t e r  b u t  n e i t h e r  h a v e  b e e n  g r o w n  s u f f i c i e n t l y  w e l l  t o  e s t a b l i s h  a n  
h o m o l o g o u s  c o m p l e m e n t  f i x a t i o n  o r  n e u t r a l i z i n g  s y s t e m .  
V i r u s  I s o l a t i o n  S y s t e m s  
D e t a i l s  o f  t h e  i s o l a t i o n s  m a d e  i n  p a r a l l e l  i n  t h e  m o u s e  a n d  t i s s u e  c u l t u r e  s y s t e m s  a r e  
s u m m a r i z e d  i n  T a b l e  6 .  
._--------,--------------------
Arboviruses from Beatrice Hill Insects 359 
In the suckling mouse system 85% of the isolations were made in the first passage in 
mouse brain and 15% in the second passage, while in the BHK tissue culture system 48% 
of isolations were made in the first passage in cells, 44% in the second passage and 8% 
in the third. 
Discussion 
Alphavirus 
The isolation of Ross River virus from Cx annulirostris collected at Beatrice Hill extends 
the known range of the virus to the Northern Territory. It has been recovered previously 
from a range of mosquito species: An amietus, Aedes normanensis, Ae theobaldi, Ae vigilax, 
Coquillettidia linealis, Cx annulirostris and Mansonia uniformis (Kay et al. 1982). The 
vertebrate hosts from which the virus has been isolated, man (Doherty et al. 1971 a), horse (Pascoe et al. 1978) and agile wallaby (Doherty et al. 1971 b), Were well represented in the 
project area. 
Three isolates of Barmah Forest virus were made from C. marksi and one from Cx 
annulirostris. Previously the virus has been isolated from Cx annulirostris collected in the 
Murray Valley (Marshall et al. 1982) and from Cx annulirostris and Ae normanensis (Doherty et al. 1979) collected in south-western Queensland, so the isolations from the 
Northern Territory represent a considerable extension in the known range of this virus. 
The virus has not previously been isolated from a Culieoides. 
Flavivirus 
The isolation of Kokobera virus from Cx annulirostris was not unexpected. This virus 
had previously been isolated from Cx annulirostris collected in similar environments in 
north Queensland (Doherty et al. 1963, 1968, 1971b) and in Western Australia (Liehne 
et al. 1981). 
Bunyavirus 
Simbu serogroup 
Thimiri virus was isolated from C. histrio. Standfast and Dyce (1982) described the 
isolation and concluded that the virus was circulating in a Culieoides-bird cycle. The only 
previous isolations of Thimiri virus were from birds in India and Egypt (Carey et al. 1971) 
but the vertebrate host in Australia is unknown. A serological survey of 582 cattle, buffalo, 
deer, goats, horses and sheep showed no neutralizing antibodies (St George et al. 1979), 
but neutralizing antibodies were detected in the little whimbrel (Numerius minutus) 
collected in 1976 at Beatrice Hill (D. H. Cybinski, personal communication). As these 
birds are migrants which do not breed in Australia it is not possible to say if the virus 
was transmitted locally. 
A second Simbu group virus, Facey's Paddock, was isolated from a pool of Culieoides 
which contained several species. The four isolates of this virus previously reported by 
Doherty et al. (1979) were all from mosquitoes collected near Charleville in south-western Queensland. Thus the isolation from Beatrice Hill considerably broadens the geographical 
and potential vector diversity. 
Rhabdoviridae 
Bovine ephemeral fever virus (CSIRO 42), was isolated from An banerofiii (Standfast 
et al. 1976). Previously the virus had been isolated from a mixed pool of 14 mosquitoes [Culex (Lophoeeraomyia) spp. 4, Uranotaenia (Uranotaenia) nivipes 8, Ur (Ura) albeseens 
1, and Ae (Verrallina) earmenti 1] collected near Rockhampton, Qld (Standfast et al. 1976) 
and from a mixed pool of 4000 Culieoides collected at Lake Nakuru, Kenya (Davies and 
Walker 1974). In the laboratory the virus had been shown to grow in Cx annulirostris fed 
3 6 0  H .  A .  S t a n d f a s t  e t  a l .  
o n  a  b l o o d  v i r u s  m i x t u r e  ( K a y  e t  a l .  1 9 7 5 ;  H .  A .  S t a n d f a s t ,  u n p u b l i s h e d  d a t a )  a n d  i n  C .  
b r e v i t a r s i s  a n d  C .  m a r k s i  f e d  o n  s u g a r  v i r u s  m i x t u r e s  ( H .  A .  S t a n d f a s t ,  u n p u b l i s h e d  d a t a ) .  
T h e  i s o l a t i o n  o f  b o v i n e  e p h e m e r a l  f e v e r  v i r u s  f r o m  A n  b a n c r o f i i i  c o n t r i b u t e s  t o  t h e  
u n d e r s t a n d i n g  o f  t h e  n a t u r a l  h i s t o r y  o f  t h e  v i r u s .  I t  c o n f i r m s  t h a t  i n  A u s t r a l i a  t h e  v i r u s  
e x i s t s  i n  m o r e  t h a n  o n e  s p e c i e s  o f  m o s q u i t o .  A n  b a n c r o f i i i  i s  a b u n d a n t  a t  t h e  e n d  o f  t h e  
m o n s o o n  s e a s o n  i n  a r e a s  o f  n o r t h e r n  A u s t r a l i a  w i t h  r a i n f a l l  i n  e x c e s s  o f 7 5 0  m m  p e r  a n n u m  
( H .  A .  S t a n d f a s t  a n d  A .  L .  D y c e ,  u n p u b l i s h e d  d a t a ) ,  b u t  t h i s  s p e c i e s  c a n n o t  p l a y a  s i g n i f i c a n t  
r o l e  i n  t h e  s p r e a d  o f  t h e  v i r u s  i n  s o u t h - e a s t e r n  A u s t r a l i a .  
R e o v i r i d a e  
O r b i v i r u s  
T h e  g r e a t e s t  n u m b e r  o f  i s o l a t e s  ( 6 0 )  w e r e  o f t h e  g e n u s  O r b i v i r u s .  S i x  s e r o l o g i c a l  g r o u p s  
w e r e  r e p r e s e n t e d :  b l u e t o n g u e ,  E u b e n a n g e e ,  P a l y a m ,  C o r r i p a r t a ,  W a l l a l  a n d  W a r r e g o .  O f  
t h e  6 0  i s o l a t e s  5 1  c a r n e  f r o m  C u l i c o i d e s  a n d  o f  t h e s e ,  4 6  c a r n e  f r o m  C .  m a r k s i .  
B l u e t o n g u e  S e r o g r o u p  
O n e  i s o l a t i o n  ( C S I R O  1 9 )  w a s  i d e n t i f i e d  a s  b l u e t o n g u e  v i r u s  a t  t h e  Y a l e  A r b o v i r u s  
R e s e a r c h  U n i t  ( S t  G e o r g e  e t  a l .  1 9 7 8 b ) .  I t  w a s  l a t e r  t y p e d  a t  t h e  W o r l d  R e f e r e n c e  
L a b o r a t o r y ,  O n d e r s t e p o o r t ,  S o u t h  A f r i c a ,  a s  s e r o t y p e  2 0 ,  a  n e w  s e r o t y p e  o f  b l u e t o n g u e  
v i r u s  ( S n o w d o n  1 9 7 9 ) .  T h i s  w a s  t h e  f i r s t  i n d i c a t i o n  t h a t  v i r u s e s  o f  t h e  b l u e t o n g u e  s e r o g r o u p  
w e r e  p r e s e n t  i n  A u s t r a l i a  a n d  r e s u l t e d  i n  n u m e r o u s  s t u d i e s  t o  m a p  t h e  d i s t r i b u t i o n  o f  t h e  
v i r u s  a n d  i d e n t i f y  i t s  v e c t o r s  ( S t a n d f a s t  e t  a l .  1 9 7 9 ;  D y c e  a n d  S t a n d f a s t  1 9 7 9 ;  S t  G e o r g e  
e t  a l .  1 9 7 9 ;  S t  G e o r g e  1 9 8 2 ) .  D e s p i t e  e x t e n s i v e  s a m p l i n g  o f  b o t h  i n s e c t s  a n d  c a t t l e  i n  
n o r t h e r n  a n d  e a s t e r n  A u s t r a l i a  n o  f u r t h e r  i s o l a t e s  o f  s e r o t y p e  2 0  h a v e  b e e n  m a d e  a l t h o u g h  
n u m e r o u s  i s o l a t i o n s  o f  f o u r  o t h e r  s e r o t y p e s  w e r e  m a d e  ( S t  G e o r g e  e t  a l .  1 9 8 0 ;  T .  D .  S t  
G e o r g e ,  u n p u b l i s h e d  d a t a ) .  
E u b e n a n g e e  S e r o g r o u p  
T h e  p r o t o t y p e  E u b e n a n g e e  i s o l a t e  ( I N  1 0 7 4 )  c a r n e  f r o m  a  p o o l  o f  3 1  m o s q u i t o e s  w h i c h  
c o n t a i n e d  1 1  s p e c i e s  i n c l u d i n g  A n  f a r a u t i ,  b u t  t h e  p o o l  d i d  n o t  c o n t a i n  a n y  C x  a n n u l i r o s t r i s  
( D o h e r t y  e t  a t .  1 9 6 8 ) .  T h e  i s o l a t i o n  w a s  m a d e  i n  m i c e .  A t  B e a t r i c e  H i l l  o n e  i s o l a t e  c a r n e  
f r o m  A n  f a r a u t i  a n d  w a s  m a d e  i n  b o t h  t i s s u e  c u l t u r e  a n d  m i c e .  F o u r  i s o l a t e s  c a r n e  f r o m  
C x  a n n u l i r o s t r i s  a n d  w e r e  m a d e  o n l y  i n  m i c e  w h i l e  t h e  s i x t h  i s o l a t e  c a r n e  f r o m  C .  m a r k s i  
a n d  w a s  m a d e  o n l y  i n  t i s s u e  c u l t u r e .  T h e s e  i s o l a t e s  w h i c h  b e h a v e d  d i f f e r e n t l y  i n  t h e  
i s o l a t i o n  s y s t e m s  u s e d  a n d  w h i c h  c a r n e  f r o m  d i f f e r e n t  g e n e r a  o f  C u l i c i d a e  a n d  d i f f e r e n t  
f a m i l i e s  o f  D i p t e r a  w a r r a n t  f u r t h e r  s t u d y  a n d  d e t a i l e d  c o m p a r i s o n  w i t h  e a c h  o t h e r  a n d  
t h e  p r o t o t y p e  s t r a i n .  
P a l y a m  S e r o g r o u p  
T h e  t h r e e  P a l y a m  g r o u p  v i r u s e s  i s o l a t e d  h a v e  b e e n  s h o w n  b y  C y b i n s k i  a n d  S t  G e o r g e  
( 1 9 8 2 )  t o  b e  t h r e e  d i f f e r e n t  v i r u s e s  ( B u n y i p  C r e e k ,  M a r r a k a i  a n d  C S I R O  V i l l a g e ) .  T w o  
o f  t h e  i s o l a t e s  c a r n e  f r o m  C .  o x y s t o m a  o r  C .  p e r e g r i n u s ,  i n s e c t s  v e r y  c l o s e l y  a s s o c i a t e d  
w i t h  t h e  w a t e r  b u f f a l o  a n d  k n o w n  i n  A u s t r a l i a  o n l y  f r o m  a  v e r y  r e s t r i c t e d  a r e a  i n  t h e  
n o r t h e r n  p a r t  o f  t h e  N o r t h e r n  T e r r i t o r y  a n d  W e s t e r n  A u s t r a l i a ,  e s p e c i a l l y  w h e r e  w a t e r  
b u f f a l o  a r e  f o u n d  ( A .  L .  D y c e ,  H .  A .  S t a n d f a s t  a n d  M .  J .  M u l l e r ,  u n p u b l i s h e d  d a t a ) .  
C o r r i p a r t a  S e r o g r o u p  
T h i s  v i r u s  h a s  p r e v i o u s l y  b e e n  i s o l a t e d  f r o m  M i t c h e l l  R i v e r  i n  C a p e  Y o r k  P e n i n s u l a  
i n  n o r t h  Q u e e n s l a n d  ( D o h e r t y  e t  a l .  1 9 6 3 )  a n d  f r o m  t h e  O r d  R i v e r  r e g i o n  i n  W e s t e r n  
A u s t r a l i a  ( L i e h n e  e t  a t .  1 9 7 6 ,  1 9 8 1 ) .  I t s  p r e s e n c e  i n  t h e  N o r t h e r n  T e r r i t o r y  i n  t h e  s a m e  
s p e c i e s  o f  m o s q u i t o  ( C x  a n n u l i r o s t r i s )  i s  n o t  u n e x p e c t e d .  
A r b o v i r u s e s  f r o m  B e a t r i c e  H i l l  I n s e c t s  
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W a l l a l  S e r o g r o u p  
T h e  f i r s t  i s o l a t e s  o f  W a l l a l  v i r u s  c a m e  f r o m  C .  m a r k s i  a n d  C .  d y e d  c o l l e c t e d  a t  
C h a r l e v i l l e  i n  s o u t h - w e s t e r n  Q u e e n s l a n d  ( D o h e r t y  e t  a l .  1 9 7 3 ) .  T h e  r e l a t e d  M u d j i n b a r r y  
v i r u s  w a s  i s o l a t e d  b y  D o h e r t y  e t  a l .  ( 1 9 7 8 )  f r o m  C .  m a r k s i  c o l l e c t e d  a t  M u d g i n b e r r i  S t a t i o n  
1 7 0  k m  e a s t  o f  B e a t r i c e  H i l l .  T h e  B e a t r i c e  H i l l  i s o l a t e s  a l l  c a m e  f r o m  C .  m a r k s i .  T h e y  
w e r e  a l l  r e l a t e d  t o  W a l l a l  v i r u s  b y  c o m p l e m e n t  f i x a t i o n .  T h e  i s o l a t e s  w e r e  s t u d i e d  b y  
G o r m a n  e t  a l .  ( 1 9 7 7 )  w h o  a t t e m p t e d  t o  c h a r a c t e r i z e  t h e m  b y  a n a l y s i s  o f  t h e  g e n o m e  
s e g m e n t s  o f  t h e  v i r u s  a n d  r e p o r t e d  e x t e n s i v e  h e t e r o g e n e i t y  w i t h i n  t h i s  g r o u p  o f  s e r o l o g i c a l l y  
c l o s e l y  r e l a t e d  v i r u s e s  ( G o r m a n  e t  a l .  1 9 7 7 ,  1 9 8 3 ) .  T h e  v e r t e b r a t e  h o s t s  f o r  t h e  W a l l a l  
v i r u s e s  a r e  t h o u g h t  t o  b e  m a r s u p i a l s  ( D o h e r t y  e t  a l .  1 9 7 3 ) .  A t  B e a t r i c e  H i l l  t h e  a g i l e  w a l l a b y  
w a s  o n e  o f  t h e  m o s t  a b u n d a n t  l a r g e  m a m m a l s  i n  t h e  p r o j e c t  a r e a  a n d  i s  o n e  o f  t h e  m o s t  
i m p o r t a n t  h o s t s  o f  C .  m a r k s i ,  t h e  s o u r c e  o f  t h e  i s o l a t e s .  
W a r r e g o  S e r o g r o u p  
T h e  2 0  i s o l a t e s  w e r e  i n d i s t i n g u i s h a b l e  f r o m  W a r r e g o  v i r u s  b y  c o m p l e m e n t  f i x a t i o n  b u t  
d i s t i n g u i s h a b l e  f r o m  M i t c h e l l  R i v e r  v i r u s ,  t h e  o t h e r  W a r r e g o  g r o u p  v i r u s  u s e d  i n  t h e  t e s t .  
D e t a i l e d  c o m p a r i s o n  o f  t h e  2 0  i s o l a t e s  b y  s e r u m  n e u t r a l i z a t i o n  t e s t s  h a v e  n o t  b e e n  m a d e .  
N e u t r a l i z i n g  a n t i b o d y  t o  W a r r e g o  v i r u s  h a s  b e e n  r e c o r d e d  i n  7  o u t  o f  6 2  c a t t l e  a n d  2 0  
o u t  o f  5 1  m a c r o  p o d s  b y  D o h e r t y  e t  a l .  ( 1 9 7 3 ) .  T h e  h i g h  i n c i d e n c e  o f  a n t i b o d i e s  i n  
m a c r o  p o d s  a n d  t h e  l a r g e  n u m b e r  o f  i s o l a t e s  f r o m  C .  m a r k s i  a t  B e a t r i c e  H i l l  i s  c o m p a t i b l e  
w i t h  t h e  v i r u s  s u r v i v i n g  i n  a  C .  m a r k s i - m a r s u p i a l  c y c l e  a s  p o s t u l a t e d  b y  D o h e r t y  ( 1 9 7 2 ) .  
U n g r o u p e d  V i r u s e s  
L e a n y e r  v i r u s  w a s  i s o l a t e d  f r o m  A n  m e r a u k e n s i s  c o l l e c t e d  a t  L e a n y e r  S w a m p  n e a r  
D a r w i n  ( D o h e r t y  e t  a l .  1 9 7 7 )  w h e r e a s  b o t h  t h e  i s o l a t e s  r e p o r t e d  h e r e  w e r e  f r o m  C .  m a r k s i .  
P a r k e r ' s  F a r m  ( C H  1 9 5 2 0 )  w a s  o r i g i n a l l y  i s o l a t e d  f r o m  C x  a n n u l i r o s t r i s  c o l l e c t e d  a t  
C h a r l e v i l l e  ( D o h e r t y  e t  a l .  1 9 7 9 ) .  T h e  i s o l a t e s  r e p o r t e d  h e r e  c a m e  f r o m  C .  m a r k s i  a n d  
a r e  a n o t h e r  e x a m p l e  o f  a  v i r u s  i s o l a t e d  f r o m  t w o  d i f f e r e n t  f a m i l i e s  o f  b l o o d  s u c k i n g  i n s e c t s  
f r o m  l o c a l i t i e s  2 0 0 0  k m  a p a r t .  
W o n g o r r  V i r u s  
P r e v i o u s  i s o l a t e s  w e r e  f r o m  C x  a n n u l i r o s t r i s  a n d  A e  l i n e a t o p e n n i s  f r o m  M i t c h e l l  R i v e r  
( D o h e r t y  e t  a l .  1 9 7 3 ,  1 9 7 9 ) .  S e v e n  o f  t h e  e i g h t  i s o l a t e s  r e p o r t e d  h e r e  c a m e  f r o m  C x  
a n n u l i r o s t r i s  t h e  o t h e r  f r o m  a  C u l i e o i d e s  ( c .  p a l l i d o t h o r a x ) .  O n c e  m o r e  t h e r e  i s  a  w i d e  
g e o g r a p h i c  r a n g e  a n d  i s o l a t i o n s  f r o m  t w o  f a m i l i e s  o f  i n s e c t s .  
C o m p a r i s o n  o f  V i r u s  I s o l a t i o n  S y s t e m s  
I s o l a t i o n s  m a d e  i n  p a r a l l e l  i n  t h e  m o u s e  a n d  t i s s u e  c u l t u r e  s y s t e m s  c l e a r l y  i n d i c a t e s  
t h e  i m p o r t a n c e  o f  u s i n g  m o r e  t h a n  o n e  i s o l a t i o n  s y s t e m  w h e n  u n d e r t a k i n g  a r b o v i r u s  
s u r v e y s .  T h e  m o u s e  s y s t e m  w a s  f o u n d  t o  b e  m o r e  e f f i c i e n t  f o r  i s o l a t i n g  T o g a v i r i d a e ,  
B u n y a v i r i d a e  a n d  R h a b d o v i r i d a e  w h i l e  t h e  t i s s u e  c u l t u r e  s y s t e m  w a s  t h e  m o r e  e f f i c i e n t  
f o r  i s o l a t i n g  R e o v i r i d a e .  
U n f o r t u n a t e l y  t h e  o r i g i n a l  m o s q u i t o  m a t e r i a l  w a s  d e s t r o y e d  i n  a  f r e e z e r  a c c i d e n t  i n  
1 9 7 6  s o  t h a t  r e - i s o l a t i o n  a t t e m p t s  c o u l d  n o t  b e  m a d e .  H o w e v e r ,  p r i o r  t o  t h e i r  i s o l a t i o n  
f r o m  t h e  B e a t r i c e  H i l l  c o l l e c t i o n s  B a r m a h  F o r e s t ,  K o k o b e r a ,  T h i m i r i ,  F a c e y ' s  P a d d o c k ,  
M a p p u t t a ,  B e l m o n t ,  b l u e t o n g u e ,  E u b e n a n g e e ,  B u n y i p  C r e e k ,  M a r r a k a i ,  C S I R O  V i l l a g e ,  
C o r r i p a r t a ,  W a r r e g o ,  L e a n y e r ,  P a r k e r ' s  F a r m ,  W o n g o r r ,  B e a t r i c e  H i l l  a n d  H u m p t y  D o o  
v i r u s e s  w e r e  n o t  h e l d  a t  t h i s  l a b o r a t o r y .  
V i r u s e s  I s o l a t e d  f r o m  m o r e  t h a n  O n e  F a m i l y  o f  D i p t e r a  
S e v e r a l  s p e c i e s  o f  i n s e c t  w e r e  f o u n d  t o  b e  s o u r c e s  o f  n a m e d  v i r u s e s  f o r  t h e  f i r s t  t i m e  
( c .  o x y s t o m a ,  P a l y a m  g r o u p  v i r u s e s ;  C .  p a l l i d o t h o r a x ,  W o n g o r r  v i r u s ;  C .  h i s t r i o ,  T h i m i r i  
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H .  A .  S t a n d f a s t  e t  a l .  
v i r u s ) .  S o m e  v i r u s e s  w e r e  s h o w n  t o  o c c u r  i n  t h e  s a m e  l o c a l i t y  i n  b o t h  m o s q u i t o e s  a n d  
C u l i c o i d e s .  E u b e n a n g e e  v i r u s  w a s  i s o l a t e d  f r o m  C x  a n n u l i r o s t r i s ,  A n  f a r a u t i  a n d  C .  m a r k s i ;  
L e a n y e r  v i r u s  w a s  i s o l a t e d  t w i c e  f r o m  C .  m a r k s i .  T h e s e  i n s t a n c e s  o f  t h e  i s o l a t i o n  o f  t h e  
s a m e  v i r u s  f r o m  b o t h  m o s q u i t o e s  a n d  C u l i c o i d e s  c o m p l e m e n t  t h e  r e p o r t  o f  t h e  i s o l a t i o n  
o f  W a r r e g o  v i r u s  f r o m  w i d e l y  d i f f e r e n t  i n s e c t  f a m i l i e s  ( D o h e r t y  e t  a l .  1 9 7 9 ) .  
T h e  i s o l a t i o n  o f  t h e  s a m e  a r b o v i r u s  f r o m  t w o  d i f f e r e n t  f a m i l i e s  o f  D i p t e r a  i s  n o t  a n  
u n e x p e c t e d  o c c u r r e n c e .  T h e r e  i s  n o  m o r e  r e a s o n  t o  e x p e c t  a  v i r u s  t o  b e  c o n f i n e d  t o  o n e  
i n s e c t  f a m i l y  t h a n  t h e r e  i s  t o  e x p e c t  i t  t o  b e  r e s t r i c t e d  t o  o n e  v e r t e b r a t e  f a m i l y .  N i n e  o f  
t h e  2 2  v i r u s e s  i s o l a t e d  a t  B e a t r i c e  H i l l  o c c u r  i n  m o r e  t h a n  o n e  f a m i l y  o f  D i p t e r a ,  w h i l e  
o n l y  3 5  o f  t h e  4 0 9  a r b o v i r u s e s  l i s t e d  i n  t h e  I n t e r n a t i o n a l  C a t a l o g u e  o f  A r b o v i r u s e s  a r e  
r e c o r d e d  a s  o c c u r r i n g  i n  m o r e  t h a n  o n e  f a m i l y  o f  a r t h r o p o d s .  
T a b l e  7 .  
A r b o v i r u s e s  r e c o r d e d  a t  B e a t r i c e  H i l l ,  N o r t h e r n  T e r r i t o r y ,  w h i c h  h a v e  b e e n  i s o l a t e d  f r o m  
m o r e  t h a n  o n e  f a m i l y  o f  D i p t e r a  
V i r u s  
C u l i c o i d e s  s p p .  L o c a l i t y  R e f .
A  
M o s q u i t o  s p p .  L o c a l i t y  R e f .
A  
B a r m a h  F o r e s t  C .  m a r k s i  B e a t r i c e  H i l l  
C x  a n n u l i r o s t r i s  C h a r l e v i l l e  
( 3 )  
A e  n o r m a n e n s i s  
C h a r l e v i l l e  
( 3 )  
B e l m o n t  C .  m a r k s i  B e a t r i c e  H i l l  
C x  a n n u l i r o s t r i s  
R o c k h a m p t o n  ( 2 )  
F a c e y ' s  P a d d o c k  M i x e d  B e a t r i c e  H i l l  
C x  a n n u l i r o s t r i s  C h a r l e v i l l e  
( 3 )  
B o v i n e  
M i x e d  K e n y a  
( 1 )  A n  b a n c r o f t i i  B e a t r i c e  H i l l  
( 4 )  
e p h e m e r a l  f e v e r  M i x e d  
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A ( I )  D a v i e s  a n d  W a l k e r  ( 1 9 7 4 ) ;  ( 2 )  D o h e r t y  e t  a t .  ( 1 9 7 3 ) ;  ( 3 )  D o h e r t y  e t  a t .  ( 1 9 7 9 ) ;  ( 4 )  S t a n d f a s t  e t  a l .  ( 1 9 7 6 ) ;  
( 5 )  D o h e r t y  e t  a l .  ( 1 9 6 8 ) ;  ( 6 )  D o h e r t y  e t  a t .  ( 1 9 7 7 ) .  
T h e  n i n e  v i r u s e s  l i s t e d  i n  T a b l e  7  h a v e  ( w i t h  t h e  e x c e p t i o n  o f  B a r m a h  F o r e s t  a n d  F a c e y ' s  
P a d d o c k )  b e e n  s h o w n  b y  s e r o l o g i c a l  s t u d i e s  ( D o h e r t y  1 9 7 2 ,  1 9 7 7 )  t o  i n f e c t  c a t t l e  o r  
m a r s u p i a l s  o r  b o t h ,  w h i l e  t h e  a r t h r o p o d s  l i s t e d  a r e  k n o w n  t o  f e e d  r e a d i l y  o n  a  r a n g e  o f  
h o s t s  i n c l u d i n g  m a r s u p i a l s  a n d  c a t t l e  ( M u l l e r  e t  a l .  1 9 8 1 ) .  W h e r e  i n s e c t s  w e r e  b e i n g  
c o l l e c t e d  f o r  v i r u s  i s o l a t i o n ,  e m p h a s i s  w a s  p l a c e d  o n  c o l l e c t i n g  t h o s e  g r o u p s  a s s o c i a t e d  
w i t h  c a t t l e  a n d  w a t e r  b u f f a l o .  A t  B e a t r i c e  H i l l  t h e  a g i l e  w a l l a b y  w a s  a b u n d a n t  a n d  g r a z e d  
i n  c o m p a n y  w i t h  t h e  c a t t l e  a n d  b u f f a l o  b e i n g  s a m p l e d ,  s o  t h a t  c o l l e c t i o n  o f  i n s e c t s  i n c l u d e d  
s p e c i e s  a t t r a c t e d  t o  b o t h  g r o u p s .  T h u s  t h e  c o n d i t i o n s  p r e v a i l i n g  a t  B e a t r i c e  H i l l  a n d  t h e  
p r o c e d u r e s  f o l l o w e d  i n  t h e  p r o j e c t  w e r e  m o r e  l i k e l y  t o  r e v e a l  b r o a d  h o s t  r a n g e s  o f  v i r u s e s  
t h a n  p r o j e c t s  l i m i t e d  i n  t h e  p e r i o d  f o r  w h i c h  c o l l e c t i o n s  w e r e  m a d e  a n d  w h i c h  c o n c e n t r a t e d  
o n  o n e  g r o u p  o f  b i t i n g  f l i e s .  
D i s e a s e  
T h r e e  o f  t h e  v i r u s  s p e c i e s  l i s t e d  i n  T a b l e  4  h a v e  b e e n  a s s o c i a t e d  w i t h  d i s e a s e  i n  m a n  
o r  d o m e s t i c  a n i m a l s ,  n a m e l y  R o s s  R i v e r  v i r u s ,  b o v i n e  e p h e m e r a l  f e v e r  v i r u s  a n d  
b l u e t o n g u e  v i r u s .  E a c h  h a s  b e e n  i s o l a t e d  i n  A u s t r a l i a  f r o m  d o m e s t i c  a n i m a l s  ( P a s c o e  e t  
a l .  1 9 7 8 ;  D o h e r t y  e t  a l .  1 9 6 9 ;  S t  G e o r g e  e t  a l .  1 9 8 0 ) ,  b u t  o n l y  R o s s  R i v e r  v i r u s  h a s  b e e n  
a s s o c i a t e d  w i t h  h u m a n  d i s e a s e  ( D o h e r t y  1 9 7 2 ,  1 9 7 7 ) .  
Arboviruses from Beatrice Hill Insects 363 
Bovine ephemeral fever is the cause of considerable economic loss to the dairy and 
pastoral industries in northern and eastern Australia. Mortalities in infected herds are low 
but major losses are due to interruption oflactation in dairy herds, loss offertility in stud 
bulls and the general disruption of management procedures in the beef cattle industry (St 
George 1981). 
Bluetongue virus (serotype 20) has not been recorded as causing clinical illness in the 
field although antibodies have been demonstrated to be widespread in cattle in northern 
Australia (St George, unpublished data). In the laboratory it is recorded as producing mild 
disease in sheep (Uren and Squire 1982). 
Subclinical infection of cattle with two of the Palyam group viruses [CSIRO 11 and 
CSIRO 87 (Bunyip Creek)] has been established by virus isolation (Cybinski and St George 
1982), and of buffalo by CSIRO 82 by seroconversion. Each of the Culicoides species from 
which Palyam group viruses were isolated is known to bite cattle and buffalo (Muller et 
al. 1981). 
Entomology 
The mosquito Cx annulirostris described as the most important vector of arboviruses 
in Australia (Doherty et al. 1979) was the most productive mosquito in the collections. 
The biting midge, C. marksi, was the most productive Culicoides, a reflection of this insect's 
abundance and its close association with marsupials (Muller et al. 1981). It was interesting 
that no isolates were made from the 5490 C. brevitarsis processed. This insect has yielded 
in excess of217 isolates of 11 viruses from insects collected in eastern Australia (St George 
et al. 1983). However, only two of the Beatrice Hill viruses (CSIRO Village and Bunyip 
Creek) have been isolated from C. brevitarsis. A number of the other viruses from Beatrice 
Hill appear to have marsupials as their main vertebrate host, a group of animals seldom 
attacked by this midge which is closely associated with cattle (Muller et al. 1981). 
It should be noted that the isolation of a virus from an insect does not necessarily mean 
that the species is a vector of the virus. 
Conclusion 
The isolation of viruses of many serological groups was evidence that Beatrice Hill was 
a focus of arbovirus activity. The number of different viruses isolated remains to be 
determined but will certainly exceed 22. The study resulted in the collection of five new 
viruses (bluetongue serotype 20, CSIRO Village, Marrakai, Beatrice Hill and Humpty Doo) 
and revealed the presence of Thimiri virus in Australia. In addition it has extended the 
geographic range of most ofthe viruses to the north of the Northern Territory and recorded 
a number from more than one family of biting Diptera. 
While the isolation of viruses from both previously recorded and new invertebrate hosts 
at a site some 1200-2000 km from previous study sites will aid the study of the natural 
history of these viruses, more importantly this study has shown that this part of Australia 
which is in close proximity to the Oriental region would be highly receptive to exotic 
arboviruses. 
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f r o m  m o s q u i t o e s  i n  A u s t r a l i a .  A u s t .  V e t .  J .  5 2 ,  2 4 2 .  
S t a n d f a s t ,  H .  A . ,  a n d  D y c e ,  A .  L .  ( 1 9 8 2 ) .  I s o l a t i o n  o f  T h i m i r i  v i r u s  f r o m  C u l i c o i d e s  h i s t r i o  
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E .  L .  F r e n c h . )  p p .  2 0 - 8 .  [ P r o c e e d i n g s  2 n d  S y m p o s i u m ,  B r i s b a n e ,  C S I R O  D i v i s i o n  o f  A n i m a l  H e a l t h  
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R e s e a r c h . ]  
S t  G e o r g e ,  T .  D . ,  C y b i n s k i ,  D .  H . ,  D e l l a - P o r t a ,  A .  J . ,  M c P h e e ,  D .  A . ,  W a r k ,  M .  c . ,  a n d  B a i n b r i d g e ,  
M .  H .  ( 1 9 8 0 ) .  T h e  i s o l a t i o n  o f  t w o  b l u e t o n g u e  v i r u s e s  f r o m  h e a l t h y  c a t t l e  i n  A u s t r a l i a .  A u s t .  V e t .  
J .  5 6 ,  5 6 2 - 3 .  
S t  G e o r g e ,  T .  D . ,  C y b i n s k i ,  D .  H . ,  F i l i p p i c h ,  c . ,  a n d  C a r l e y ,  J .  G .  ( 1 9 7 9 ) .  T h e  i s o l a t i o n  o f  t h r e e  S i m b u  
g r o u p  v i r u s e s  n e w  t o  A u s t r a l i a .  A u s t .  J .  E x p .  B i o i .  M e d .  S c i .  5 7 ,  5 8 1 - 2 .  
S t  G e o r g e ,  T .  D . ,  S t a n d f a s t ,  H .  A . ,  C h r i s t i e ,  D .  G . ,  K n o t t ,  S .  G . ,  a n d  M o r g a n ,  I .  R .  ( 1 9 7 7 ) .  T h e  
e p i z o o t i o l o g y  o f  b o v i n e  e p h e m e r a l  f e v e r  i n  A u s t r a l i a  a n d  P a p u a  N e w  G u i n e a .  A u s t .  V e t .  J .  5 3 ,  
1 7 - 2 8 .  
S t  G e o r g e ,  T .  D . ,  S t a n d f a s t ,  H .  A . ,  a n d  C y b i n s k i ,  D .  H .  ( 1 9 7 8 a ) .  I s o l a t i o n s  o f  A k a b a n e  v i r u s  f r o m  
s e n t i n e l  c a t t l e  a n d  C u l i c o i d e s  b r e v i t a r s i s .  A u s t .  V e t .  J .  5 4 ,  5 5 8 - 6 1 .  
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T H E  I SOLAT I O N  OF A BLUETONGUE V I R U S  F R OM C U L I C O I D E S  
COLLECTED I N  THE  NORTHERN TERR I TORY OF AUSTRALIA 
BY  
T .O. ST.G£0RGE, H.A. STANDFAST, D.H.  CYBINSK I ,  A.L. DYCE,  
11 .J .  MULLER, R.L .  DOHERTY,  J. G. CARLEY ,  Cheryl F ILIPPICH, 
and Chri st ina L. FRAZIER 
The i solation of bl uetongue vi rus occurred in the course of a much 
larger project. Thi s  has been descri bed under the t it le  "The Isolation 
of Arbovi ruses from Insects Col lected at Beatrice Hi l l ,  Northern Territ­
ory of Aust ra l i a  1974-1976". The t i s sue cul ture i so 1 ati on procedure was 
i ntroduced by Mr. St .George and he i solated the bl uetongue vi rus .  The 
serol ogy on the sentinel cattle sera was carried out by Miss Cybi nski 
and Mr. St . George . The vi rus ident i fi cat ion procedures were carried out 
at the Queensl and Institute of Medi cal Research, and Yale University • 
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i nt roduced by Mr . St .George and he i sol ated the bl uetongue vi rus . The 
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THE ISOLATION OF A BLUETONGUE VIRUS FROM CULICOIDES COLLECTED IN THE 
NORTHERN TERRI�ORY OF AUSTRALIA 
Dr R. E. Short. Dirccwr or the Yale Arbo•iru> Research 
Unit (YARUJ on 24 October 1977 cabled the information 
"CSJRO 19 viru� indi�tin¥uisable from bluetongue" This was 
a somcw·hat dr:�m:l!ic notific:Hion of the identification of one 
of �cveral arboviru,cs i�o!au:d from Cuficoides, collecte:d at the: 
Beatrice Hill Ru�arch Station of the Animal Industry and 
Agriculture Bram:h of the 1'\:onh.:rn Territory Amini>tration. 
A systematic collection of in�ects which attack livestock was 
bes:un at Beatrice Hill (12°39'5; IJP20'E) in October 1974, 
with the following aims: to provide information of seasonal 
distributi.:m of arthropods attl!.ck ing livestock in the far nonh 
of the Northern Territory; to provide imects for the isolation 
of arbo¥iruses, :lnd to collect serum<; from sentinel canle, buf­
falo, and native fauna for andbody tests. 
The pool of 214 Culicoides of mixed species from which 
CSJRO IY viru� was i�olattd was collected in 3 vehicle moumed 
trap (Dyce e1 :J/ 1972) on 27, 28 ant.! 3 1  March 1975). Similar 
collections $tored in alcohol for population $1udies, durin:; 1ha1 
week and sut»equ�nt wed.:s, contained significam fiumbcrs of 
Culicoidcs ::�croui, C. br.:�·itarsis, C. hund�ensi�:c. marksi, C. 
peri1rinus and C. s�·huttui. The last 2 species :are confined tu 
the NorthemTerritory (fo.lurray 191S). 
The'midges were inocul:ued imracerebrally into one d:ay o!d 
mire and into roller tu�s of bab)· hamster kidney tis�ue 
cultures (BHK 21) on 27 June 1975. No infectious agent was 
iwlatcd in 4 passages in mice. A cytopathogenic agent 1\'i!i 
detected in the �«ond panage in the BHK 21 tis'iue culturei, 
and was la1er iH.lapted to m ice and forwarded on 10 September 
1975 to the Qucensl<'lnd Institute of Medical Re;earch (QI�!R) 
in iti role a� the WHO Col!aborati�·e Centre for r\rbo\iru> 
Reference: :and Rr�cilrch for Australia. 
No relationship was round by compkmem fixation :md 
haemagglutinarion Inhibition te�u with j2 known isolate> 
from arthropClds or \'trrcbrates in Australia or New Guinea, 
suspc�ted of bo:-ins arbovirus::� (.::it.:d by Doheny 1972, 1977, 
and Doherty unpublished data). Various charact<!ris•ics of the 
virus, howe�·�r. notably its re!;lli·<� resi.�tance to lipid sOJ\·ent 
and filtration si�c wcr� compatible with its being: an orbhirus. 
Th.: CSIRO 19  viru�. togeth.:r 1\ith a n  antiser�.;�m prepar-ed in 
mice w:�s forwarded to YARU in its role :�s ch� WHO !nrerna­
lional Rcfcn:n�e Centre for Arbo\·iruses. Two amigens 11·ere 
prcp.\ro.d thcu: br tht' methods .Jf Clarke and c.:asal� (195S) aud Casal� (I %7J. and used in complement fixation t�5ts b)· the 
micro·mNhud of Ca.sals I 1967). In initial s::rccning te�ts 
CSIRO 1 9 antis.:n wu 1es1ed at li.- and l/40 dilulion <�sainst a 
J/4 dilution or the range or !!lOUp·rcactive immune ascitic 
TABLE I 
Cru.s.s R�actiun.s o{CSIR0-19 and Bl11�1ongu� Viroses by 
Complem�nt Fixation Testr 
Antiserum 
NIH Reference WHO Rcf�rence 
Anti:,;�en CSIRO·J9 Bluctongut: Bluetongue 
CSIR0-19 128/32• 128/32 32/32 
Bluetongue 128/16 128/32 32/32 
*RecJproc:lll of serum tUrotreciproc:.tl of antigen tltre 
Arucr::�/iau \'�·rerin<Jry Journal, Vol. 54, �larch, 197S 
fluid�. Positive rc�ction� oc.:urred only with poJp·a!ent fluidi 
to Pal}am and bluetongu-e group>. lmm;.�nc mou;.: scrutn w 
CSI RO 1 9  virus was tesr:�d a):plinn the antigens of �·ir:.h<=S 
rcpr�senred in the groupin; pooh. Only the bluetongue anti�en 
rea�;cd positi,·e[y. CSJRO 19 anti�en and antiserum u::-r� 
th�refore tested against blu-etongue (strain BT8) from the 
WHO referenc·e centre anoJ reference ascitic fluid from the U.S. 
Na:ional Institute of Health (Cat. i':o. \'519-701-562). CSIRO 
1 9  and bluetongue viru� were indistinguishable by complement 
fi.ution tens (Table 1), thus demonstrating that they share th� 
bluetonJ1ue group anligen. Cro.>5 neutral isation test to deter­
min� the relation;hip of CSIRO 19 virus 10 VT8 and each of 
the other l.:nown serot)·pes of bluetongue virus are �ing: car­
ried out at the bluctoague Reference laboratory, Ond.:rst-er­
poort. 
Antigens for 2J orbiviru1CS were tested by complement fixa· 
lion ltst a�ainst a high titre CSIRO 19 immune mouse a.sciti.: 
fluid a1 YARU. Low k'·el cross·ruclions were o!:lta.ined wit!'\ 
Eul:enan3:ee virus (lilre 8) :1nd eritootic haemorrha.gic di\Ca;;e 
o( d«r virus (titte .S) in conuast to the homologous titre or 
10::!.& • .  lna('livatcd bluc:te>nguc rcagen1s prcp:tred by Dr. E. l. 
frcn..:h in South Africa in /972 and held since that time under 
bond b)· CSIRO were tnade a'ai!�ble to QIMf< and were used 
to .-onfirm th� Yal.: finding�. Sut-sequent tests at QI�1R also 
confirmed the crO.\s·reaction bct,Hcn Eubcnangec an!i�erum 
andCS/RO 1 9 anti�>en. 
.. � microtitre neutrah�ation test was then rapid!> de\elop�d 
u�inlJ Vera cel ls•. ami techniques similar to thc.<c descri�d fvr 
c\i:lo 11nd Akab:tne 1·iruot:'S b)' C)binsl...i nnd St. (ieor!:C' {in 
pr�i�). The rest 1\nS fir�t used on selected groups of �..-rumj 
stored at -2o�c. that had bl·�n wl!t:crc-d fr,)m scminel h::rd� 
of cattle and buffalo at !'!cat ric.:: Hill and from cat:k an;/ �he�p 
in sentinel herds el�cwhere (St� GeOrge: et ."'/ 1977). Only 
ske/�ton �:overage of Au�tralia ••as pined by thi> mean>, but 
herJ> with antibOd)· to the CSIRO 19 strain of blucton�ue 1·irus 
••.:r� at the Re.;car,:h Station� :!! D('atri.::e Hill and Dous!:u. 
Daly in the north.:rn pan or t!le '<unhcrn Territor) and TtOt in 
th� remainder of the �entinel ho::rJ;. Ncutrali;ing antibody to 
CSIRO 19 virus dc\·eloped 111 �cntinel buffalo and the cattle on 
B.:i!:rkc: Hill in ea.:h of the succtssi\·c periods b'et.,.ccn 2� 
FeCruar�'. 25 M:trch, 2: April and "2{1 �Ia:· of PHS, with the 
p::ll.: of corwcrsi:�:1 b<:t-,e.:n 25 :.larch and 22 April. (';(In" of 
the s"ntincl animals )h0•'Cd dinica.l signs of bluewng\!e at this 
or any other time. The timing of �ro·conversions was com­
patible with the 1·iru� i>ol.:uion from Culit'oides (21-31 :.larch 
19:5). Antibody tilres ran�,;ed hom 8 10 64. Older seru:n 
uw.p�es collected frorn thi.\ he-rd bcrw«n 1969 and 191} \\ere 
nc!'auve. 
The time lapse of 2 y.:ars :l month" between the iso!ation of 
bluc:tongue virus and its identifi.:.uion oc.::urred b=caust: the 
1·irus too\.: iu turn with other unl.:nown \·iruse:i at each uas:e in 
the identil'ication psocess. The HCtor is a'i )'cl unknown, but if 
it ii restricted in distribution the opportunil)' for bllld'on:;ue to 
sp�e�d 10 sheep ar.::as may not ha1·e occurred. The pathogen· 
ich of the CSJRO 19 isolate of bluerons;uc for caule or sh;:ep 
is ai )et not est:�bli\hr:d, thous:h rranimission trials ha,e besun. 
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THE TRANSM I S S I O N  OF THE C S I RO 19  S T R A I N  OF BLUETONGUE V I RU S  
T Y P E  2 0  TO S H E E P  AND CATTLE 
BY 
T.O. ST.GEORGE and C. I .  McCAUGHAN 
The work described here was carried out duri ng  a period I spent at Long 
Pocket Laboratories. I assi sted with the experimental procedures 
i nvol v ing  sheep and cattl e and some laboratory procedures. 
Mr. St . George wrote the paper. 
0 0  • • •  �fj.f/tlf:: . . . . . . . .  . 
Date : 
Addit i onal Comment s :  
. . . . . .  ( .:!.· . .  1?-:.c� �. 
C.J. McCaughan (Co-Author ) 
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C o m m o n w e a l t h  of A u s t r a l i a  
C o m m o n w e a l t h  S c i e n t i f i c  a n d  I n d u st r i a l  R e s e a rc h  O rg a n i sa t i o n  
R e p r i n t e d  from T h e  A u s t r a l i a n  V e t e r i n a ry J o u r n a l  
V o l .  55 - N o . 4 - P a g e s  1 98-1 9 9  
T H E  T R A N S M I S S I O N  O F  T H E  C S I R 0 1 9  S T R A I N  O F  B L U E TO N G U E  V I R U S  TY P E  20 TO S H E E P  
A N D  CATT L E  
A report from O nderstepoort ,  South Africa,  described 
CSIR0 1 9  virus as bluetongue virus type 20, a new bluetongue 
serotype (Erasmus, personal communication) . This means 
there is no information on the effects of  strains o f  this serotype 
on sheep or cattle. 1n  the 3 y, years that have elapsed since the 
collection o f  the Culicoides from which the CSIR0 1 9  strain of  
bluetongue virus was iso lated (St George et al 1 97 8 )  there  have 
been no reports of  naturally occurring b luetongue disease in 
Australia. A sum mary of  the cl inical signs resul ting from the 
inoculation of  C S I R 0 1 9  virus (the only known isolate of 
serotype 20) , into sheep and cattle is given here. 
Fol lowing the  recognition o f  b luetongue virus in Australia,  
sheep and cattle were inoculated in accordance with the pro­
cedures recommended in the Exotic Diseases Man ual (French 
1 97 8 ) .  These procedures called for an initial inoculum o f  in­
fected blood or  tissue. However,  in the absence of  these 
materials,  10 m l  o f  5th passage virus grown in baby hamster 
kidney ( B H K2 1 )  tissue culture was substituted as the initial in­
oculum. Two sheep were inoculated with virus grown in tissue 
A us tralia n Veterinary Jo urnal, V ol.  5 5 ,  Apr i l ,  1 9 7 9  
culture. Otherwise,  the  procedures for the subinoculation from 
sheep to sheep of  blood collected at 7 and 14 days after the 
original inoculation were followed. Thereafter,  subinoculation 
was carried out with blood col lected at febrile peak s .  The pro­
cedure was carried out  to give a maximum o f  10 sequential 
sheep passages . I n  an initial series 45 sheep were inoculated 
with C S I R 0 1 9  virus in b lood,  each receiving 5 m l  intravenous­
ly and 5ml subcutaneously. 
A second series , totall ing 10 sheep, was inoculated with 
CSIR0 1 9  virus which had been grown for 6 days i n  m osquitoes 
of the species Culex ann ulirostris or A edes aegypti i nfected by  
the  intrathoracic inoculation technique o f  Carley et al ( 1 973) . 
Following the period of incubation,  an homogenate prepared 
from pools of  10 mosquitoes in  5 m l  o f  saline containing IOOJo 
rabbit serum was inoculated into each sheep, half  sub­
cutaneously,  half  intradermally. 
A third series of 20 sheep was inoculated with an 
hom ogenate prepared from pools  of Culicoides of various 
species (Stand fast et al ! 97 8 ;  Stand fast and Dyce,  unpubl ished 
1 9 8  
data). The insects were fed 6 days previously in sheep with an 
experimentally induced CSIRO 19 viraemia and held for 6 days 
at 27°C. The 5 ml of homogenate prepared from the pools of 
insects was inoculated in equal quantities intradermally, sub­
cutaneously and intravenously. Seven of these 20 sheep ex­
hibited a clinical reaction. 
Data are summarised from the 3 series of sheep inoculated 
with CSIRO 19 virus as follows. The incubation period was 4 to 
7 days followed by a gradual or an abrupt rise of temperture to 
a peak which varied for individual sheep between 39.9°C and 
42.1 oc. While most sheep had a single febrile peak, 12 had 2 
peaks and had a third peak at irregular intervals after the first. 
The longest period post-inoculation that blood was shown to 
be infective by sheep to sheep inoculation was 40 days. Four 
sheep exhibited no clinical signs other than fever. The other 
sheep were mildly ill for one day or moderately or severely ill 
for 2 to 7 days. Complete recovery followed in all sheep which 
were not killed early for particular experimental reasons. The 
clinical signs displayed were very variable and no single sheep 
displayed them all. The most frequent signs seen were: mild to 
moderate conjunctivitis and stomatitis; hyperaemia of the bare 
skin of the inner thighs or less commonly generalised 
hyperaemia; and mild coronitis followed by banding of the 
hooves. Ewes showed hyperaemia of the vulva. Additional 
findings in the sheep that received mosquito grown virus were 
erosions or ulcers on the gums, hard palate or oesophagus and 
abomasum. Two of the sheep which were injected with virus 
grown in Culicoides showed the additional signs of catarrh for 
2 days, and I of these had oedema of the face and ears from 
day 10 to day 22 post-inoculation. One other in this series had 
oedema of the lower legs and severe coronitis from day 16 to 
day 23 post-inoculation. The oedematous area was hot to the 
touch on the first day it appeared. 
Thus the clinical picture in the sheep following inoculation 
of the CSIROI9 virus was consistent with that of bluetongue as 
described by Erasmus (1975), though no sheep died. 
By means of assay in B HK21 tissue cultures, CSIR019 virus 
was demonstrated in the blood of the sheep as early as one day 
after inoculation, but more usually not until the 3rd day. Con­
tinuous viraemia was then demonstrated until day II to day 14 
and then sporadically in 5 sheep until day 22. Neutralising 
antibody appeared at trace levels as early as I week post in­
oculation. Maximum titres recorded in individual sheep ranged 
from 8 to 2048. The low titres developed in 2 sheep in which 
viraemia was not demonstrated. None of the control sheep 
housed with the inoculated sheep developed any evidence of 
having been infected. 
Six cattle were inoculated intravenously with CSIROI9 
virus. Three of the cattle were inoculated with 5th passage 
virus grown in BHK21 tissue culture, 10 ml subcutaneously. 
The other 3 received the same dose of blood collected from I of 
the first 3 cattle during viraemia. Though a viraemia and 
neutralising antibody were demonstrated in each of the cattle 
they remained clinically normal. 
The full potential for CSIR019 virus to produce bluetongue 
disease cannot be tested until the virus can be transmitted by 
the bite of an infected vector, as was done by Luedke et al 
(1976) with Culicoides variipennis carrying serotype 10, rather 
than by hypodermic needle. Nine sequential sheep to sheep 
199 
transmissions was considered to be an inadequate test of pathogenicity for a bluetongue virus. Neitz (1948) passaged 
blood infected with the Camp strain of . serotype 8 of bluetongue vuus, sheep to sheep 95 times m a series. The 
clinical signs he observed were very variable. Mouth and foot 
lesions occurred early in the series but no deaths occurred until the 44th passage level and in all only 6 sheep had died by the 
9 6th passage. The CSIR019 strain of bluetongue virus was 
isolated from Culicoides collected in the nothern part of the 
Northern Territory, an area virtually without sheep. In fact 
there are only approximately 1000 sheep in the whole of th� 
Northern Territory (Anon, 1977). Thus this virus may not have 
had an opportunity to produce natural infection in sheep at 
pasture, but merely a subclinical infection in cattle or buffalo. 
This could explain why naturally occurring bluetongue disease 
has not been reported in Australia. 
This resume was compiled from experiments conducted with 
the aid, at various times, of a number of people including Dr 
G. P. Combs, United States of Agriculture; Dr I. A. Gardener 
and Dr. P. G. Honey, New South Wales Department of 
Agriculture; Dr M. W. M. Hill, Queensland Department of 
Primary Industries; Dr L. F. Quin and Dr 0. J. Williams, Nor­
thern Territory Department of Industrial Development. Within 
the CSIRO Division of Animal Health, Miss D. H. Cybinski, 
Mr H. A. Standfast, Mr A. L. Dyce and Mr M. J. Muller pro­
vided their expertise in serology or entomology. Technical 
assistance was provided by Mr D. F. R. Davey, Mr S. S. Davis, 
Mr E. J. Harris, Mr N. T. Hunt and Miss Susan Moore. We 
gratefully acknowledge their aid and the provision of isolation 
facilities in Darwin by the Northern Territory Government. 
CSIRO, Division of Animal Health, 
·Long Pocket Laboratories, 
Private Bag No. 3, P.O., 
Indooroopilly, Queensland 4068 
Department of Agriculture, 
Hamilton, Victoria, 3300 
13 November 1978 
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E X P E R I M E N T A L  I N F E C T I O N O F  C U L I C O I O E S  
W I T H A B L U E T O N G U E  V I R U S  I S O L A T E D  I N  A U S T R A L I A  
B Y  
H . A .  STAND�AST , T . D .  S T . G E O R G E , D . H .  C Y B I N S K I , A . L .  D Y C E  
an d C . A .  McCAUGHAN 
The expe r i ment de s c r i bed h e re was  p l a n n e d  by me . f�r .  Dyce and I c a r ri ed 
" 
out a l l t h e  entomol ogy a nd  the  e x p e r i ment a l  fee d i n g  o f  i n sects  on s heep . 
D r . t�c C a u ghan  a s s i sted w i t h  t h e  s he e p expe r i me nt s . �1r .  St . Geo rge 
i s o l a t e d  the v i r u s e s  f r om i n s ect s a n d  b l ood samp l e s  sent f rom Da rwi n to  
B r i s ba n e .  Mi s s  Cyb i n s k i e xami n e d  t h e  s e ra from t he e x p e r i men t a l  s he e p  
fo r b l u et o n g u e  a n t i b o d i e s . The  pape r wa s w r i t t e n  by me . 
. .  !. 7../.{ (f. 7.. ! 7. fo(. .?(: • . . .  
/ .• / 
4.L(� �--;t�/;z�-;�-e--� -. . .  -:;:/r.t ;.'l: ; . . . . . . . . . . . . . . . . . . . .  . 
Date : H . A .  Sta n d f a s t  ( Aut hor ) 
I a g ree w i t h  the  s t a t eme nt made by Mr . Standfast  • 
1. :;,- rl?� ;q frLr 
• • .• • •  '· • • • • • • •  t:l • •  ·{· • • • • • • • •  
Date : 
�lie, «� t0r(! t 
• . • . . . • .. ;· • • • .1. . • . J . . ';(-: . . . . 
Dat e :  , /} ,· 
'· 
. . . . . .  � 'f/ ?:/ &:'t:. . . . . . . . . . 1 
D a t e : 
Ad d i t i o n a l Comme n t s : 
. . . . 4(� .�: . . . . . . . . . . .  . 
0'. H .  Cy b i  n s k i  ( C o -Au t h o r ) 
a ? J fil 
• . . • . • . :0;�� • .r . • • �;f.��. • • • . • • 
A . L .  Oyce j(Co-Author ) 
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C o m m o n w e a l t h  of A u s t ra l i a  
C o m m o n wea l t h  S c i e n t i f i c  a n d  I n d u st r i a l  Resea r c h  O r g a n i s at i o n  
R e p r i n t e d  f r o m T h e  A u s t r a l i a n  Vet e r i n a r y  J o u r n a l  
V o l . N o .  5 4 - Page 4 5 7  
EX P E R I M E N T A L  I N F E CT I O N  O F  CULICO/DES W I T H  A B L U ETO N G U E  V I R U S I S O LAT E D  I N  
A U S T R A L I A  
A knowledge of  the species o f  _Culicoides capable of  
ransmitt ing bluetongue v irus  in Australia i s  crucial to an 
1nderstanding o f  the natural history o f  the virus,  the planning 
Jf future studies and policies of control. The original isolation 
Jf the CSlRO 19 strain o f  bluetongue virus from insects (St  
Jeorge et a! 1 978)  was from a col lect ion containing an 
:stimated I I  species o f  Culicoides. A s  a first step towards iden­
ifying the vectors , as many species o f  Culicoides as possible 
.vere screened for their abil ity to  become infected with CSIRO 
1 9  virus,  when  fed  on viraemic sheep . A team from CSIRO 
McM aster and Long Pocket Laboratories worked at Darwin 
and Beatrice H i ll from 22 February to 3 May 1 97 8 .  ·• 
Culicoides were col lected by truck trap and light trap (Dyce 
et a/ 1 972) , at Beatrice Hi l l ,  58 km south-east o f  Darwin,  and 
held at 2rc for 3 to 4 days prior to exposure to sheep in­
oculated both intravenously and subcutaneously with CSIRO 
1 9 virus. They  were  fed on sheep 5 to 1 0  days  after inoculation 
during which time the sheep were subsequently demonstrated 
to have been viraemic. The insects were con fined on the sheep 
for feeding in  a cage enclosing one ear (Muller ,  personal com­
munication).  At  the end o f  the feeding period (30 t o  45 mins) ,  
they were anaesthetised with carbon dioxide and al l  blood-fed 
midges removed and held 6 to  8 days <!t 27 " C. The mortality 
during the holding period was high , averaging 400fo . The 
Cu/icoides were then identified t o  species and stored in  l iquid 
nitrogen until required for virus isolation attell)pts. Pools of 
each species were homogenised,  and aliquots were inoculated 
into roller tubes o f  baby hamster kidney tissue cultures 
( l:! H K 2 1 )  as described by  St George et a/  ( 1 97 8 ) .  Aliquots from 
each species homogenate were pooled and inoculated in­
travenously,  su bcutaneously and intradermally into each of 
two sheep held in insect-proof accommodation. Blood was col­
lected from all  sheep for virus isolation and serological study. 
Virus demonstrated to be C S I R O  19 was isolated from tissue 
cultures inoculated with material from C. a ctoni and C. 
brevitarsis. The same virus was recovered from each pair o f  
sheep inoculated w i t h  C .  actoni a n d  C .  brevitarsis 
hom ogenates and from I of the 2 sheep inoculated with C. 
scl wltzei material. Antibody to C S I R O  1 9  virus developed in  
each o f  the sheep from which virus was recovered but not  from 
any o f  the other sheep. C. m arksi and C. sp. near bundyensis 
were negative in both assay systems. These results summarised 
in Table 1 indicate that C. actoni, C. brevitarsis and C. 
sch ultzei were infected when fed on viraemic sneep'a'ria iti�t! c. 
marksi and C. sp. near bundyensis were not. The following 
species fed in the same experiment are being processed as 
facilities permit :  C. a ustropalpalis, C. brevipalpis, C. 
peregrin us, C. s uzukii, C. sp. near marm ora tus, and 
C. (A varitia) N o .  5 .  
The deinOristration o f  virus riiuTtipilcation i n  C. brevitarsis is  
o f  significance to those extensive areas o f  northern and eastern 
Australia (Murray 1 97 5 )  where the insect is  known to occur in 
close association with cattle and sheep. This  insect has long 
been considered a likely vector in  the  event o f  the introduction 
o f  bluetongue to Australia ( M urray 1 97 5 )  and resul ts  to  date  
con firm its importance. C .  sch ultzei has been recorded from 
the Northern Territory (Murray 1 97 5 )  while C. a ctoni is known 
from the N orthern Territory, Cape York Peninsula  and coastal 
Queensland as far south as Brisbane.  Transmiss ion of CSIRO 
1 9  v i rus  f rom sheep to sheep wi l l  be attempted with C .  brevitar­
sis before the end of the year. 
We wish to acknowledge the generous assistance o f  the of­
ficers o f  the Animal I ndustry and Agriculture Branch o f  the 
Northern Territory Administration at Beatrice Hill ;  Upper 
Adelaide River Experiment Station and Berrimah Farm , Dar­
win,  and the technical assistance o f  P. G. All ingham , C. W. 
Brennan , D. F. R. Davey, S.S. Davis, D. A. Gibson,  E. J. H ar­
ris ,  N. T. Hunt, Susan Moore and Hewlen Z akrzewski.  
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TABLE 1 
R esults of A ttempts to Dem onstra te Presence of CSJR O  19 Virus in Culicoides 
Fed on Viraemic Sheep 
Species No Tested Tissue Culture Sheep I noculations 
Isolations Virus Isolation Antibody 
C. actoni 4 1  1 /6 *  2/2 2/2 
C. brevitarsis 3 1 4  3 / 1 4  2 / 2  2/2 
C. sch ultzei 366  0/ 1 6  1 / 2  1 / 2  
C. bundyensis 1 26 5  0/3 3  0/2 0/2 
C. marksi 1 8 1 2  0/4 0  0 / 2  0/2 
* R a t i o  of P OO}" 0f i n sects wi t h  v i r u s  t o  total p o o l s  p r o cessed 
A us tralian Veterin a ry Journal, Vol . 54, Septem b e r ,  1 97 8  457 
THE  I SOL�T ION  OF TWO B L UETONGUE V I RUSES 
FROM HEALTHY CATTLE I H  AUSTRALIA  
BY  
T. D. ST. GEORGE, D . H .  GYBINSK I ,  A .J .  DELLA-PORTA, D .A .  McPHEE, 
M.G. WARK and M.H. BAINBRIDGE 
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After extensive serol ogy had shown that other b 1 uetongue vi ruses 
probably exi sted in Austral i a ,  a del l berate search was mounted by 
i ntensi fying  sampl i ngs from sentinel herds which were al ready 
establ i shed i n  the areas of high  bl uetongue prevalence. I organized and 
carried out the bleeding and superv i s i on of the sentinel cattle and 
sheep in the Northern Territory for thi s $Parch. Mr.St . George i solated 
the vi ruses. 14i ss Cybi nslc i i denti fied the vi ruses as b 1 uetongue· 
vi ruses a 
1 '6 - b - 'b' lj. oaia� · · · · · · · · · · · · · · · · · · · · · ·  . . . .  0J..I.-LS.�� . . . . .  
M.H.  Ba i nbri dge {Author ) 
I agree with the statement made by Mr Bainbri dge • 
.r. Y. 1/. m.�. !.?. ?: !t. . . . . .  
Date :  
. . . . .  -«(( .� · · · · · · · · · · · · ·  
D .H .  Cybi nski (Co-Author) 
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THE ISOLATION OF TWO BLUETONGUE VIRUSES FROM HEALTHY CATTLE IN AUSTRALIA 
A virus (CSIKO 19). isolated from Culicoides collected in the 
Northern Territory of Australia from 27 to 31 March 1975 (St 
George ef  a/  1978) was later characterised as bluetongue virus 
(BTV) serotype 20 at the Veterinary Research Instilule, 
Onderstepoort, Republic of South Africa. Extensive 
serological surveys on domestic animals were conducted at this 
and other laboratories using BTV 20 in neutralisation tests to 
detect antibody to that serotype, and in complement fixation 
(CF) or  agar gel diffusion precipitin (AGDP) tests to detect 
BTV group antibodies. Many serums from Australian cattle 
reacted in the BTV-CF and -AGDP tests but did not contain 
detectable neutralising antibodies against BTV 20 (Snowdon 
1979). In order to find the virus(es) responsible for these 
serological reactions, a search was mounted using sentinel 
cattle. 
Groups of 20 young cattle were used as sentinels for this pur- 
pose at  6 established sentinel herd sites in the Northern Ter- 
ritory (Katherine, Douglas Daly, Berrimah, Victoria River, 
Tortilla and Beatrice Hill) (St George er a1 1979). Heparinised 
blood and blood for serology was obtained weekly during the 
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TABLE 1 
A Comparison of Titres Obiained in Microtitre Neutralisation 
Test of AntiserurnsProduced in Rabbits with The BTV 20, 
CSlRO 154 and CSIRO 156 Isolates of Bluetongue Virus 
Virus 
Antiserum 
BTV 20 CSIRO 154 CSIRO 156 
BVT 20 > 256 < I  6 
CSIRO 154 <1 64 <1 
CSlRO 156 2 1 > 256 
latter part of the wet season, between 1 January and 31 May 
1979. These samples were forwarded on ice to Long Pocket 
laboratories for viral and serological examination. The 
leukocyte fractions from the heparinised blood samples were 
separated and cultured in BHK 21 cells (St George el a1 1978, 
1979). Preliminary screening of all virus isolates was done by a 
direct immunofluorescent technique using rabbit anti-BTV 20 
serum and any viruses found to be positive by this method were 
then tested against BTV 20 by microneutralisation in Vero 
tissue culture. 
A virus (CSIRO 154). which was isolated from a blood sam- 
ple collected on 23 March 1979 from a healthy sentinel cow 
located at the Victoria River Research Station, showed a 
positive reaction with BT fluorescent antibody but was 
negative in the BTV 20 neutralisation test (Table I ) .  The cow 
from which the isolation was made developed BTV antibody 
between 2 and 16 March 1979 and was the only animal in the 
sentinel group whose serum reacted to the homologous virus. 
Eight isolates were made of another virus (CSIRO 156) 
which showed a positive reaction with BT fluorescent 
antibody, but was distinguishable from BTV 20 and CSlRO 
154 virus by specific neutralisation (Table I ) .  Seven isolates of 
CSlRO 156 were made from healthy cows on the research sta- 
tion at Beatrice Hill between 27 March and 8 May 1979. 2 of 
these from one particular cow, 7 days apart. The eighth isolate 
was made from the blood of a healthy cow at Tortilla. Four- 
teen of the 20 animals sampled at Beatrice Hill developed BTV 
antibody to CSlRO 156 virus between 3 April and 8 May 1979, 
and 7 of 20 also developed BTV antibody at Tortilla between 
29 March and 4 July 1979. Development of BTV antibody to 
CSIRO 154 virus did not occur during these periods. 
CF and AGDP antigens were prepared by growing plaque- 
purified CSlRO 154 and CSIRO 156 viruses in roller bottles of 
BHK 21 cells and concentrating the antigens in the clarified 
tissue culture supernatant, harvested at 75 to 100% cytopathic 
effect, using ultrafiltration with an XMSO membrane*. In 
complement-fixation tests (Boulanger et a/ 1967) CSIRO 154, 
CSlRO 156, BTV 20 and reference BTV (from Onderstepoort) 
antigens and antiserums indicated that all viruses were in- 
distinguishable. Further, in the AGDP test, CSIRO 154, 
CSIRO 156 and BTV 20 all showed lines of identity. Thus the 
results of the fluorescent antibody, CF, AGDP and serum 
neutralisation tests indicated that CSlRO 154 and CSIRO 156 
viruses were additional Australian BTV isolates. 
Serotyping of CSlRO 154 and CSIRO 156 viruses was car- 
ried out using reference guinea pig antiserums for BTV 
serotypes 1 to 19 (from the Veterinary Research Institute, 
Onderstepoort), ovine antiserum for BTV 20, and ovine 
antiserums for CSlRO 154 and CSlRO 156 viruses. All serums 
were treated with 0.4% 8-propiolactone to inactivate any 
residual virus and then dialysed against phosphate buffered 
saline, pH 7.2. The antiserums were tested against BTV 20, 
CSlRO 154 and CSlRO 156 viruses in plaque-inhibition 
neutralisation tests (Howell ef a /  1970) using Super-Vero- 
Porcine Stable cells (Della-Porta and Snowdon 1979). BTV 20 
* Amkcon Corp.. Le~ ing lon .  Massauhusells. Unilcd Stales of America. 
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reacted with BTV 20 and BTV 4 antiserums, confirming 
previously observed relationships (A. J. Della-Porta, K .  A. J. 
Herniman and R. F. Sellers, unpublished data). CSlRO 154 
virus reacted with CSlRO 154 and BTV 6 antiserums and 
CSlRO 156 virus reacted with CSlRO 156 and BTV I an- 
tiserums. These serological relationships of CSlRO 154 and 
CSlRO 156 viruses were tested in two way plaque-inhibition 
and plaque-reduction neutralisation tests using three times 
plaque-purified attenuated vaccine strains of BTV 1 and BTV 
6. CSlRO 154 virus, although related to BTV 6, could easily be 
distinguished from BTV 6 and, provided all reference an- 
tiserums were active, would probably belong to a new serotype 
of BTV. CSlRO 156 virus could not be distinguished from 
BTV 1 .  I t  was concluded that CSlRO 156 virus is an Australian 
isolate of the BTV I serotype. 
CSIRO 154 and CSIRO 156 viruses, grown in mosquitoes 
(Aedes aegypfi) inoculated with 4th passage level tissue culture 
virus (St George and McCaughan 1979), were each inoculated 
intradermally, subcutaneously and intravenously into each of 4 
sheep and one cow. The viraemia and clinical response in sheep 
was similar to that obtained with BTV 20 (St George and Mc- 
Caughan 1979), wi th  fever, malaise, hyperaemia of skin and 
mucous membranes, facial oedema and mild coronitis. There 
was no clinical response detected in cattle, though viraemia and 
antibody response occurred. 
We wish to acknowledge the assistance of the managers and 
staff of the research stations who bled the cattle and H .  
Zakrzewski, S. Moore, J .  Thistleton and J .  Sack for their 
technical assistance. 
T. D. ST GEORGE, 
D. H.  CYBINSKI, 
CSIRO Division of Animal Health, 
Long Pocket Laboratories, 
Private Bag No. 3, P.O., 
Indooroopilly, Queensland 4068 
CSIRO, Animal Health Research Laboratory, 
Private Bag No. 1 ,  P.O., 
Parkville, Victoria 3052 
Commonwealth Serum Laboratories. 
45 Poplar Road, 
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THE TRANSMISSION OF TWO NEW AUSTRALIAN SEROTYPES OF BLUETONGUE VIRUS TO 
SHEEP 
Bluetongue virus (BTV) serotype 20 (strain CSlRO 19) was 
isolated from the Northern Territory of Australia in 1975 ( S t  
George ef a /  1978) and its clinical effects in sheep and cattle 
have been reported (St George and McCaughan 1979). In 1979 
two further strains of BTV - CSIRO 154 and CSIRO 156 
serotype - were isolated in the Northern Territory of Australia 
(St George er a /  1980). Each isolate was inoculated into 2 sheep 
and serially passaged into a further 2 sheep. All animals were 
held in insect-proof isolation and monitored daily. Autopsies 
were performed between 14 and 18 days after inoculation and 
observations on gross and histopathological changes made. 
The virus used to infect experimental sheep was grown in 
Aedes aegypti mosquitoes inoculated intrathoracically (Carley 
et a /  1973) with 4th passage virus from baby hamster kidney 
(BHK) cells. Pools of 50 insects were homogenised in 2 ml of 
saline containing 10% foetal calf serum and centrifuged for 20 
min at 1000 g. The titre of the supernatant fluid was 106.5 
TCID,,/ml for CSIRO 156 virus and 104.8 TCID,,/ml for 
CSlRO 154 virus. Each sheep was inoculated with 0.5 ml of the 
respective virus preparation intravenously, 0.5 subcutaneously, 
and 0.1 ml intradermally. At the peak of the clinical reaction, 5 
ml of heparinised blood was collected from one sheep and 
subinoculated by the same routes into a third susceptible sheep. 
Blood was passaged from the third into a fourth susceptible 
sheep. Heparinised blood was collected daily and buffy coat in- 
oculated on to BHK monolayers in roller tubes for virus isola- 
tion (St George ef a /  1978). 
Bluetongue virus of the homologous serotype was reisolated 
from all sheep inoculated with either he infective supernatant 
fluid or following serial passage with infective blood. The 4 
sheep inoculated with CSIRO 156 virus became viraemic from 
1 to 14 days after inoculation. The sheep inoculated with 
CSlRO 154 virus became viraemic from 3 to 14 days after in- 
oculation, similar to the pattern of viraemia observed with 
BTV-20 ( S t  George and McCaughan 1978). Neutralising an- 
tibody appeared on average 6 to 8 days after artificial inocula- 
tion. Control sheep showed neither viraemia nor antibody 
response. 
The clinical signs produced were similar, but were more 
acute in those sheep infected with CSIRO 156 virus. The peak 
of the reaction occurred between 6 and 8 days after inocula- 
tion. All sheep showed malaise, lethargy, anorexia and resisted 
attempts to examine the oral cavity. All exhibited some degree 
of oral hyperaemia with 3 of the 4 sheep infected with CSIRO 
156 virus showing marked hyperaemia. One had petechial 
haemorrhages on the gingival mucosa. Subcutaneous 
hyperaemia was noted in 6 of 8 sheep, being most evident in the 
relatively bare areas of  the thighs, axilla, ears, muzzle, and 
vulva. Moderate oedema of the face and ears was seen in all in- 
oculated sheep and, as for subcutaneous hyperaemia, was more 
acute in the sheep infected with CSIRO 156 virus. All sheep 
had a pyrexia (>40° C) with a mean maximum of 40.5" C. Cor- 
onitis was not observed, unlike the signs reported for sheep in- 
fected with BTV-20 ( S t  George and McCaughan 1979). All 
sheep were clinically normal 4 to 5 days after the onset of 
clinical signs. 
The most common lesion observed in the sheep at autopsy 
was ecchymotic haemorrhages in the wall of the pulmonary 
artery close to its junction with the heart. This occurred in 7 of 
the 8 sheep. Two of the sheep (one infected with CSIRO 156 
virus and one infected with CSlRO 154 virus) had petechial 
haemorrhages near the junction of the aorta with the heart 
similar to that reported in one sheep infected with BTV-20 
virus (Uren and Squire 1981). 
Thus, the clinical signs and pathological lesions exhibited 
suggest that CSIRO 154 and CSIRO 156, like BTV-20, are 
mildly to moderately pathogenic. 
The authors wish to acknowledge the professional help pro- 
vided by Messrs H. A. Standfast and M. J. Muller and Miss D. 
H. Cybinski. Also we wish to thank Mrs J. J .  Sack, Messrs T.  
J. Daniel, S. S. Davis, E. J .  Harris and P .  G.  Allingham for 
their expert technical assistance. 
K .  R. E. SQUIRE, 
M. F. UREN, 
T.  D. ST GEORGE, 
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ABSTRACT 
Della-Porta, A.J., McPhee, D.A., Wark, M.C., St. George, T.D. and Cybinski, D.H., 1981. 
Serological studies of two additional Australian bluetongue virus isolates CSIRO 154 
and CSIRO 156. Vet. Microbiol., 6: 233--245. 
Serological surveys revealed that some cattle in northern Australia possessed bluetongue 
virus (BTV) group-reactive (agar gel diffusion precipitin, AGDP, and complement-fixing, 
CF) antibodies, but not serum neutralizing (SN) antibodies, to BTV20, a new type 
previously found in Australia. Attempts were made during 1979 to isolate viruses causing 
these reactions. There was one isolate of a virus (CSIRO 154) and eight isolates of another 
virus (CSIRO 156) made from the blood of healthy cattle in the Northern Territory. These 
viruses could not be distinguished from BTV20 by AGDP, CF or fluorescent-antibody 
tests and hence were designated members of the bluetongue serogroup. Serotyping was 
carried out using the plaque-inhibition a d plaque-reduction SN tests. CSIRO 156 virus 
could not be distinguished from BTV1 by any of the SN tests and it was concluded that 
it was an Australian isolate of the BTV1 serotype. CSIRO 154 virus was found to be 
related to, but not identical with, BTV6. It is probably not one of the known 20 BTV 
serotypes and may represent a new BTV serotype. None of the three Australian BTV 
isolates is known to cause clinical disease in sheep or cattle under natural conditions, and 
biochemical comparisons with the African BTV serotypes may show differences not 
revealed by these serological studies. 
INTRODUCTION 
Sero log ica l  surveys  o f  Aust ra l ian  cat t le  and  sheep for  b luetongue v i rus  (BTV)  
group  ant igen  react ive  sera,  us ing the  agar  gel d i f fus ion  prec ip i t in  (AGDP)  and  
complement - f i xat ion  (CF)  tests ,  fo l lowed the  ident i f i ca t ion  o f  BTV20 (CS IRO 
19) in Aust ra l ia  (St .  George  et  al. ,  1978) .  The  surveys  revea led  that  there  w re 
0378-1135/81/0000--0000/$02.50 © 1981 Elsevier Scientific Publishing Company 
234 
many cattle with group reactive sere (A.J. Della-Porta, R.F. Sellers, K.A.J. 
Herniman and others, unpublished ata, 1978). Serum neutralization tests 
carried out against BTV1 to 17 and Ibaraki virus using some of these BTV 
group reactive sera, which were negative for BTV20, suggested that BTV1, 
BTV15 and Ibaraki viruses, or related orbiviruses may be present in Australia. 
Also there were many sera which reacted at a low level with many BTV sero- 
types, making results, in the absence of indigenous viral isolates, difficult to 
interpret. Further, many of the group reactive sera failed to neutralize any of 
the viruses in the study, although some were strongly AGDP and CF positive. 
It was decided, therefore, to attempt o isolate viruses from blood samples 
of sentinel cattle in northern Australia and to use the BTV-AGDP test to 
monitor their sera for antibody conversion. The studies resulted in the isolation 
of two additional Australian BTV serotypes (St. George et al., 1980). CSIRO 
154 virus was isolated from a blood sample collected from a healthy animal on 
23rd March 1979 at the Victoria River Research Station, N.T. Eight isolates 
were made of CSIRO 156 virus from blood samples of healthy cattle between 
March and May 1980 at Beatrice Hill and Tortilla, N.T. The results reported in 
this paper are the serological studies confirming CSIRO 154 and CSIRO 156 
as additional Australian bluetongue virus isolates, and the serotyping of these 
virus isolates. 
MATERIALS  AND METHODS 
Viruses 
BTV20 (CSIRO 19) isolated from a mixed pool of Cul ico ides  (St. George 
et al., 1978) and CSIRO 154 and CSIRO 156 viruses isolated from heparinized 
cattle bloods (St. George et al., 1980) were plaque-purified three times using 
Veto cells. Attenuated vaccine strains of BTV1 and BTV6 (obtained from B. 
Erasmus, Veterinary Research Institute, Onderstepoort, South Africa) were 
three times plaque-purified in L929 cells. All virus stocks were prepared in 
BHK21 cells. 
A n tise ra 
Typing antisem were prepared against BTV1 to 19 in guinea pigs (Howell, 
1970; B. Erasmus, personal communication, 1979; I.M. Parsonson, personal 
communication, 1979). Ovine antisera were prepared against CSIRO 154 and 
CSIRO 156 viruses, the sheep being bled 21 days after intravenous inoculation. 
Ovine antisera were prepared against BTV20 using the blood autograph tech- 
nique of Luedke et al. (1977; Della-Porta et al., 1981). Hyperimmune mouse 
ascites tumour fluids were prepared against CSIRO 154 and CSIRO 156 viruses. 
Rabbit antisera for fluorescent-antibody tests were prepared after hyper- 
immunizing rabbits with tissue culture grown viruses. Rabbit antisera for 
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AGDP tests were prepared using mouse brain grown virus as antigen. All sera 
were heat-inactivated at 60°C for 30 min and stored at -20°C until used. 
Sere from outside Australia were treated with 0.4% ~-propriolactone (BPL, 
Kasei Chemicals) at 37°C for 1 h and then overnight at 4°C, in order to in- 
activate any residual exotic viruses. The treated sera were dialysed against 
phosphate buffered saline at pH 7.2 and the volume was adjusted to a final 
dilution of 1 in 2. Control negative and positive sera were also treated with 
BPL, and positive controls were treated as for the BPL procedure xcept hat 
BPL was not added. 
Agar gel diffusion precipitin (A GDP) test 
Antigens were prepared by harvesting virus-infected tissue culture fluids 
from roller bottles of Veto cells at an advanced stage of CPE. The fluids were 
clarified by centrifugation at 10,000 × g for 10 min and then concentrated by 
ultrafiltration using an Amicon {Lexington, MA) model 402 stirred cell with a 
XM50 membrane. The AGDP test was performed with the antigen in the centre 
well surrounded by six peripheral wells in a hexagon pattern, each alternative 
well containing reference antiserum and the test read after incubation at room 
temperature for 24h in a humid atmosphere (I.R. Littlejohns, unpublished 
data, 1977). 
Complement-fixation ( CF) test 
CF and control antigens, prepared as for AGDP antigens and inactivated with 
0.2% (v/v) BPL for 2 h at 37°C followed by overnight at 4°C, were used in a 
microtitre CF test. Two full units of guinea pig complement were used in the 
CF test. 2.5% normal calf serum (enhancing serum) was added to the comple- 
ment when testing bovine antisera nd omitted when testing hyperimmune 
mouse ascites fluids. A mixture of antigen, serum (inactivated at 60°C for 30 
min) and complement was incubated overnight at 4°C (Boulanger et al., 1967; 
D.A. McPhee, E.L. French and W.A. Snowdon, unpublished ata, 1977). The 
test was read, following the overnight incubation, after adding sensitized sheep 
red blood cells, incubating at 37°C for 1 h, and centrifuging the trays to pellet 
red blood cells. 
Fluorescent antibody (FA ) test 
A direct fluorescent antibody technique was used with virus-infected BHK21 
cells. The immunoglobulin fraction of hyperimmune rabbit anti-BTV20 serum 
or negative control serum was conjugated with fluorescein isothiocyanate 
(BBL Cockeysville, MD). Appropriate controls were included in the test to 
verify the specificity of the reaction. 
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Serum neutralization tests 
Plaque-inhibition (PI) tests 
The method employed was that described by Della-Porta et al. (1981). The 
test was carried out in 90 mm Petri dishes using SVP cells (Della-Porta nd 
Snowdon, 1979) infected with 50,000 PFU of virus. The virus-infected cells 
were overlaid with a 1% nutrient agar overlay and 7 mm discs soaked in test 
sera were placed on the overlay to measure the neutralizing activity. This 
method was initially used to screen CSIRO 154 and CSIRO 156 viruses against 
all the typing sere and then in the confirmatory two-way tests. 
Plaque-reduction (PR ) tests 
The method employed was that described by DeUa-Porta et al. (1981) The 
test was carried out in SVP cells and comparisons between viruses were done 
on the same day with the same batch of cells in order to avoid variation in 
results due to cell-dependent eutralization (Della-Porta nd Westaway, 1978). 
The results were analyzed and regression lines calculated using the equation: 
Y = A + BX where the intercept A represents he log~0 decrease in virus titre 
produced by undiluted serum, and B is the "neutralization slope" (Westaway, 
1965). The "area functions" were calculated from the regression line analyses, 
where the area = -~A2/B.  The standard error (S.E.) in this "area function" 
was calculated from the experimental data using the equation (Della-Porta et 
al., 1981): 
As i 4 (A-2BX')2 } ~/2 
s.E. (area)= + 
where N is the number of readings, Yi is areadin_g of the -log10 surviving virus 
fractions for Xi (-log10 serum dilution); Y and X are the means for all X and Y 
readings, and 
s= ~(Y i -~)2 -B  ~ Z (X i -X )  2 
N-2  
is the residual standard eviation from fitting the straight line. 50% and 80% 
plaque-reduction titres were calculated from the regression line analysis. 
RESULTS 
Serogrouping of  CSIRO 154 and CSIRO 156 viruses (AGDP, CF, and FA) 
CSIRO 154 and CSIRO 156 viruses were compared with BTV20 using 
serological tests which are used to group viruses into the BTV serogroup. None 
of the viruses could be distinguished from each other by the FA test and all 
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Fig. 1. Agar gel diffusion precipitin comparisons of BTV20 (CSIRO 19; 19), CSIRO 154 
(154) virus and CSIRO 156 (156) virus. The AGDP antigens are in the centre well and 
hyperimmune rabbit antisera in the outer wells. Every second well contains reference 
homologous serum. 
viruses and sera showed complete lines of identity, for the outer line, by the 
AGDP test (Fig. 1). In some cases there was a second inner line which appeared 
identical and in a few cases a third line was seen close to the antigen well, for 
which no lines of identity could be seen. 
TABLE I 
Complement-fixing antibody relationships between BTV20, CSIRO 154, and CSIRO 156 
viruses 
Antigen Antiserum 
BTV20 a CSIRO 154 b CSIRO 156 b 
BTV20 40/50 c 30/60 30/60 
CSIRO 154 60/30 60/30 30/30 
CSIRO 156 40/10 40/30 40/20 
aBovine antiserum with 2.5% unheated bovine serum added as enhancing serum. 
bMouse immune ascites turnout fluids with no added enhancing serum. 
CAntibody titre/antigen titre. 
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In addition, none of these viruses or their antisera could be distinguished by 
the CF test (Table I). It wasconcluded that CSIRO 154 and CSIRO 156 viruses 
were members of the BTV serogzoup (Borden et al., 1971; Jochim et al., 1974). 
Serotyping of CSIRO 156 virus (PI and PR) 
Initially CSIRO 156 virus was tested using antisera gainst BTV1 to BTV20, 
CSIRO 154 and CSIRO 156 viruses. PI zones were seen with anti-CSIRO 156 
and anti-BTV1 sera, but not with any of the other BTV reference antisera or 
anti-CSIRO 154 serum. A two-way cross-neutralization study was carried out 
using a three times plaque-purified attenuated vaccine strain of BTV1 (Table 
II). The results indicated that CSIRO 156 virus could not be distinguished from 
BTV1 using the PI test. The results also showed that treating the sera with BPL 
produced a slight reduction of antibody activity. 
TABLE II 
Plaque-inhibition neutralization comparison of BTV1 and CSIRO 156 viruses 
Antiserum Plaque-inhibition zone (mean ± S.E. in 
mm)  against a 
BTV1 CSIRO 156 
Anti-BTV1, guinea pig, BPL b 
Anti-CSIRO 156, ovine (E960), BPL 
Anti~-CSIRO 156, ovine (E960), NI c 
Anti-CSIRO 156, ovine (E961), BPL 
Anti-CSIRO 156, ovine (E961), NI 







aMean and standard error of seven determinations made on three separate occasions. 
bBPL, sera treated with 0.4% O-propriolactone (BPL) to inactivate any residual virus in 
the antiserum. The sera were then dialyzed and adjusted to a dilution of 1 in 2 with 
respect to the original serum volume. 
CNI, sera treated as for b except not inactivated. Tested at a dilution of 1 in 2. 
The 50% and 80% plaque-reduction (PR) neutralization titres were deter- 
mined for BTV1 and CSIRO 156 virus and indicated that the viruses could not 
be distinguished from each other. If anything, the heterologous titres are slight- 
ly higher than the homologous titres. Further analysis of the dose-response 
relationships in the plaque-reduction assay of neutralization mixtures of BTV1 
and CSIRO 156 virus was made by calculation of the regression line equations 
(Fig. 2), and comparison of the area under the curves (Fig. 2) by calculation of 
the "area function". The standard errors in the "area functions" indicate that 
again these viruses could not be differentiated, asdifferences less than 
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Fig. 2. Linear regression curves of dose-response r lationships for (a) guinea pig anti-BTV1 
and (b) ovine anti-CSIRO 156 virus serum (E960) from the surviving fractions of BTV1 (•) 
and CSIRO 156 virus (e). Both sera had been treated with 0.4% BPL as described in 
materials and methods. 
Serotyping of CSIRO 154 virus (PI and PR) 
In i t ia l ly  CS IRO 154 virus was tes ted  us ing ant i sera  against  BTV1 to  BTV20,  
CS IRO 154 and  CS IRO 156 viruses. PI  zones  were  recorded  w i th  ant i -CS IRO 
154 and  ant i -BTV6 sera, but  not  w i th  any  o f  the  o ther  BTV re ference  ant i s ra  
or  ant i -CS IRO 156 serum.  A two-way  c ross -neut ra l i za t ion  s tudy  was carr ied  
out  us ing a th ree  t imes  p laque-pur i f ied  a t tenuated  v cc ine  stra in o f  BTV6 
(Tab le  I I I ) .  The  re ference  ant i -BTV6 serum s t rong ly  neut ra l i zed  BTV6,  but  
TABLE III 
Plaque-inhibition neutralization comparison of BTV6 and CSIRO 154 virus 
Antiserum Plaque-inhibition Zone (mean +_ S.E. in 
mm) against a 
BTV6 CSIRO 154 
Anti-BTV6, guinea pig, BPL b 
Anti-CSIRO 154, ovine (E957), BPL 
Anti-CSIRO 154, ovine (E957), NI c 
Anti-CSIRO 154, ovine (E958), BPL 
Anti-CSIRO 154, ovine (E958), NI 
Anti-CSIRO 154, rabbit, BPL 
23.0 _+ 1.9 15.4 _+ 0.8 
7.0 +_ 2.0 17.9 +_ 1.7 
15.6 + 1.5 20.4 _+ 1.7 
1.6 +_ 3.6 17.4 _+ 1.3 
0+- 0 19.9+_ 1.1 
0+- 0 12.4+ 1.3 
aMean and standard error of five to seven determinations done on two to three separate 
occasions. 
bBPL, sera treated with 0.4% BPL to inactivate any residual virus in the antiserum. The 
sera were then dialyzed and adjusted to a dilution of 1 in 2 with respect o the original 
serum volume. 
CNI, sera treated as for b except not inactivated. Tested at a dilution of 1 in 2. 
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TABLE IV 
50% and 80% plaque-reduction neutralization titres for neutralization mixtures of BTV6 
and CSIRO 154 virus 
Antiserum Neutralization 'titres against a 
BTV6 CSIRO 154 
50% 80% 50% 80% 
reduction reduction reduction reduction 
BTV6 b 2042 525 48 0 
CSIRO 154 c 81 6 214 25 
aReciprocal of dilution of antiserum that produced either a 50% or 80% reduction in 
plaque counts. 
bBTV6 guinea pig reference antiserum treated with 0.4% BPL. 
cCSIRO 156 virus ovine antiserum (E957) treated with 0.4% BPL. 
TABLE V 
Analyses of dose-response r lationships in the plaque-reduction assay of neutralization 
mixtures of BTV6 and CSIRO 154 virus 
Antiserum Virus 
BTV6 CSIRO 154 
A a B a A B 
BTV6 b 2.52 --0.67 0.69 --0.24 
CSIRO 154 c 0.95 --0.34 1.31 --0.43 
aA and B values are from the regression line equation Y = A + BX. Y represents he --log10 
surviving fraction of virus after neutralization and X the --log10 of the antiserum dilution 
which produced the neutralization. See Westaway (1965). 
bBTV6 guinea pig reference antiserum treated with 0.4% BPL. 
cCSIRO 156 virus ovine antiserum (E957) treated with 0.4% BPL. 
the  react ion  w i th  CS IRO 154 virus was much weaker .  In the  reverse d i rect ion ,  
the  ant i -CS IRO 154 sera on ly  weak ly  neut ra l i zed  BTV6 whi ls t  the  homologous  
react ion  was st ronger .  Of  note  was the  an imal  to  an imal  var ia t ion  and  the  e f fect  
BPL t reatment  had  on  reduc ing  the  cross - react ion  of  sera tes ted ;  this  was seen 
with  ant i -CS IRO 154 ovine (E957)  serum against  BTV6 (see Table  I I I) .  The  
50% and 80% PR neut ra l i za t ion  t i t res were  determined  for  BTV6 and CS IRO 
154 virus (Table  IV) and  showed that  these viruses cou ld  be read i ly  d i f ferent i -  
ated.  The  50% PR neut ra l i za t ion  t i t res ind icated  more  cross- re latedness  than  
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Fig. 3. Linear regression curves of dose-response r lationships (Table V) for (a) guinea pig 
anti-BTV6 serum and (b) ovine anti-CSIRO 154 virus serum (E957) (BPL treated sera) from 
the surviving fractions of BTV6 (m) and CSIRO 154 virus (o). 
relationships in the PR assay of neutralization mixtures of antisera of BTV6 or 
CSIRO 156 virus was made by calculating the regression line equations (Table 
V, Fig. 3) and by comparing the area under the curves (Fig. 3) and calculation 
of  the  "area  funct ion"  (Table VI).  Ana lyses  of  the  s tandard  errors in the  "area  
funct ions"  ind icated  that  these viruses, a l though re lated,  can be readi ly  
d is t inguished f rom each other .  Normal i z ing  the  "area  funct ion" ,  w i th  respect  
to the  homologous  v i rus -ant iserum react ion  a l lowed d i rect  compar i son  of  the  
re latedness o f  BTV6 and  CS IRO 154 virus. 
TABLE VI 
Activity of cross-reacting antisera in the plaque-reduction assay of neutralization mixtures 
of BTV6 and CSIRO 154 virus expressed as an "area function" derived from the regression 
line equation Y = A + BX 
Antiserum Virus 
BTV6 CSIRO 154 
Area a Normalized c Area Normalized 
function ± S.E. b value function ± S.E. value 
BTV6 d 4.7 ± 0.7 100 1.02 ± 0.3 22 
CSIRO 154 e 1.34 ± 0.04 68 2.02 ± 0.005 100 
aArea function = -~ A2/B. Calculation after Westaway (1965). 
bS.E., standard error in area function (see materials and methods). Calculation after Della- 
Porta et al. (1981). 
CThe normalized value has been obtained by assigning avalue of 100 to the homologous 
area function of each antisera nd adjusting the functions in the cross reactions by propor- 
tion. Calculations after Westaway (196 5). 
dBTV6 guinea pig reference antiserum treated with 0.4% BPL. 
eCSIRO 154 virus ovine antiserum (E957) treated with 0.4% BPL. 
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DISCUSSION 
Serotyping of CSIRO 156 virus showed that it could not be distinguished 
from BTV1 by plaque-inhibition (Table II) or plaque-reduction neutralization 
tests (Fig. 2). In fact, the 50% and 80% PR neutralization titres for the 
heterologous reactions were higher than for the homologous reactions. Similar 
observations on other serotypes of BTV have been made by Barber and 
Jochim (1973) using an 80% PR test, by Thomas and Trainer (1971) using a 
50% PR test and by Howell (11960) using a neutralization i dex test. In both 
the plaque-inhibition test (Table II) and analyses of the dose-response r lation- 
ships (Fig. 2), the results uggest that the heterologous reactions may be slight- 
ly greater but this difference was not statistically significant. 
BTV1 has been isolated in South Africa, Egypt and India (Howell, 1970). 
It is possible that the virus distribution extends through South East Asia into 
Australia and this is worthy of investigation by serological testing. Serological 
surveys in Australia (A.J. DeUa-Porta, R.F. Sellers, K.A.J. Hemiman and others, 
unpublished ata, 1978) have suggested that BTV1, or a virus capable of 
producing antibodies in cattle that would cross-react strongly with BTV1, was 
present in Australia. CSIRO 156 virus may be the virus that produced the 
serological response to BTV1 in these cattle. Studies on the pathogenicity of
CSIRO 156 for cattle and sheep have shown that no clinical signs are induced 
in cattle and only mild to moderate clinical signs in sheep (T.D. St. George, 
personal communication, 1979), similar to the clinical response observed with 
BTV20 (St. George and McCaughan, 1979). We concluded from this and our 
studies that CSIRO 156 virus ~vas an Australian isolate of the BTV1 serotype 
and is of low pathogenicity. 
Serotyping of CSIRO 154 Virus indicated it was related to BTV6 but distinct 
from it and from the other BTv serotypes 1 to 20. The plaque-inhibition tests 
(Table III) showed that reference guinea pig anti-BTV6 serum would neutralize 
CSIRO 154 virus with a zone of inhibition of 15.4 mm. Zones ~ 10 mm in 
diameter have been considered significant (Davies and Blackburn, 1971; Davies, 
1978; Della-Porta et al., 1981) and zones ~ 15 mm have been considered as 
strong positive reactions. However, inhibition of homologous BTV6 was 
significantly greater (23.0 mm diameter) than that of CSIRO 154 virus. Further, 
some anti-CSIRO 154 virus sera weakly neutralized BTV6. Thus, the plaque- 
inhibition neutralization test indicates that BTV6 and CSIRO 154 virus are 
not identical serotypes. Cross-reactions of this nature have been observed, be- 
tween different BTV serotypes, cf. Nigerian isolates (Davies and Blackburn, 
1971), and between the Australian BTV20 and BTV4 (Della-Porta et al., 1981). 
Another observation of interest was made when using BPL to inactivate any 
possible residual exotic viruses in the reference antisera obtained from Onder- 
stepoort (Tables II and III). Whereas with anti-CSIRO 156 sera there was only 
a slight reduction i  antibody titres (Table II), with anti-CSIRO 154 sera 
(Table III), especially from sheep E957, there was a significant reduction in 
the heterologous antibody titres, but only a slight reduction i  homologous ~
titres. 
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A more detailed investigation of the serological relationships between CSIRO 
154 virus and BTV6 was carried out using plaque-reduction neutralization tests. 
The 50% and 80% plaque-reduction neutralization titres (Table IV) confirmed 
that CSIRO 154 virus and BTV6 were not identical viruses. The 50% endpoints 
showed much greater cross-reactivity han did the 80% endpoints. This would 
justify the use of 80% endpoints in preference to 50% endpoints (Thomas and 
Trainer, 1971; Barber and Jochim, 1973; Della-Porta et al., 1981), although. 
we believe the plaque-inhibition test and an analysis of plaque-reduction assays 
in terms of dose-relationships and area functions to be superior for typing 
BTV isolates (Howell et al., 1970; Davies and Blackburn, 1971; Della-Porta et 
al., 1981). Analyses of the dose-response r lationships in the plaque-reduction 
assay of neutralization mixtures of BTV6 or CSIRO 154 virus (Tables V and 
VI, Fig. 3) show clearly that the regression line equations (Table V and Fig. 3) 
and the area under these curves (Fig. 3, Table VI) are significantly different. 
The normalization of the area function allowed us to compare the cross- 
reactions between BTV6 and CSIRO 154 virus. It was concluded that, provided 
all reference anti-BTV1 to 19 sera were active, CSIRO 154 virus was not an 
isolate of one of the recognized 20 serotypes, but was probably a new BTV 
serotype. The virus was related to BTV6 or is possibly a subtype of BTV6, in a 
similar way to BTV20 being a possible subtype of BTV4 (Della-Porta et al., 
1981). 
BTV6 has been isolated only in Africa (Howell, 1970) and serological sur- 
veys in Australia (A.J. Della-Porta, R.F. Sellers, K.A.J. Herniman and others, 
unpublished ata, 1978) showed very few cattle sera with significant neutrali- 
zing antibody titres against BTV6. Thus, it would appear that CSIRO 154 virus 
infectior~s in cattle have not been detected by serum neutralization tests using 
BTV6 as the test virus. CSIRO 154 virus could be one of the viruses responsible 
for the BTV-AGDP positive bovine sera which did not react with BTV1 to 17, 
BTV20 or Ibaraki virus in serum neutralization tests (A.J. Della-Porta, R.F. 
Sellers, K.A.J. Hemiman and others, unpublished ata, 1978). Studies on the 
pathogenicity of CSIRO 154 virus for cattle and sheep have shown that there 
are no clinical signs in cattle and only mild to moderate clinical signs are 
produced in sheep (T.D. St. George, unpublished ata, 1979), similar to those 
observed with BTV20 (St. George and McCaughan, 1979). 
In conclusion, our serological studies have demonstrated that CSIRO 154 
and CSIRO 156 viruses are Australian BTV isolates additional to BTV20 (St. 
George et al., 1978). CSIRO 156 virus is a member of the BTV1 serotype, 
whilst CSIRO 154 virus is related to the BTV6 serotype but is probably dis- 
tinct from all 20 serotypes. No clinical disease has been seen in field animals 
and only mild to moderate clinical signs in sheep experimentally infected with 
either virus. Analyses of the viral proteins and nucleic acids may reveal differ- 
ences between these isolates and the virulent BTV isolates; studies aimed at 
defining these differences are being undertaken. Not withstanding the results 
of such analyses, the serological results meet the presently accepted require- 
ments for the classification of CSIRO 156 virus as BTV1 and CSIRO 154 virus 
as probably a new BTV serotype. 
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T H E  I SOLAT I O N  OF A B L UETONGUE V I RU S  
FROH C U L I C O I D E S  B R E V I TARS I S  
T.O .  ST.GEORGE and f1 . J .  �1ULLER 
3-24 
The publ ication derived from one facet of the general bl uetongue program 
u nder 1•1r .  St.George ' s  direction . The i nsects were trapped and 
i dentified as part of serial studies on insect vector numbers at 
Peachester by mysel f and my team. The v i rus  i sol ation and serol ogy was 
carried out by 11r .  St.George ' s  group .  The paper was  written joi ntly • 
. . . . . . ,q .-; . ·'· ;: . -�-�- . . .  
Date: 
The isolation of a bluetongue 'irus from 
Cu/icoides breritarsis 
CSI RO, Division of Tropical 
Animal Science, 
Long Pocket Laboratories, 
Private Bag No. 3 ,  P.O., 
lndooroopilly, 
Queensland 4068 
T. D. ST GEORGE 
\1 .  J .  \IULLER 
Bluetongue viruses have been isolated from insects collected 
in Australia on 2 previous occasions. Bluetongue virus 
(ser�ty�e 20) was isolated from a pool of mixed species of 
CullcoJde.� collected at Beatrice Hill,  Northern Territory :n 
!0 3 1 \Ian.:h 1 975 (St George er a/ 1978a). Serotype I was 
isolated from a single C. fu/vus previously referred to as C. 
(Avaritia) species undescribed No. 5,  (Stand fast e/ a/ 1 979; 
Dyce 1 982), collected on 23 April 1979 i n  the same general 
area (Cybinski el a/ 1 980). The isolation of bluetongue virus 
from C fu/vus did not explain the distribution of bluetongue 
virus infection in Australia, since the range of this insect in 
northern Australia was exceeded by the distribution of 
bluetongue antibodies in caltle (Dyce and Standfast 1979; 
Oella-Porta et a/ 1983) . Standfast et a/ ( 1 978) produced 
experimental evidence that bluetongue serotype 20 could 
multiply in C. bn:vitarsis, and the distribution of bluetongue 
group antibodies i n  cattle in Australia ( Della-Porta e1 a/ 
1983) is compatible with C. bredtarsis being a vector of this 
virus. However, evidence that this insect was in fected in the 
field has been lacking until now. 
I n  the summer of 1982/83, at Peachcster 100 k m  north of 
Brisbane, 2 updraft light trap' were operated over approxi­
mately 12 penned callle one night each week. hom the large 
collection made on the night 1 3 , 1 4  February 1983,  1 000 
parous female C brevitarsis free from visible blood were 
selected and separated into 10 pools each of 100 insects. 
Each pool was then prepared for viru� isolation b\ the 
method described by St George et a/ ( 1978b) and ino�:�lated 
into Aedes albopicrus tissue cultures incubated at 28°C. Fluid 
and cells were subcultured at weekly intervals, twice into 
freshly prepared Aedes albopiclus cultures, then into baby 
hamster kidney cell cultures (8HK21).  Two of the insect 
pools yielded agents cytopathic in baby hamster kidney 
cultures and these were subsequently identified in serum 
neutralisation tests (St George c/ a/ 1 980) as bluetongue 
viruws, serotype I. These isolations provided the first field 
evidence that C. bren"tarsis could be in fected with bluetongue 
vtrUS. 
One of 12 sentinel cattle at the light trap site seroconverted 
to bluetongue virus serotype I between � h:bruary and X 
March 1 9 8 3 .  Five more of the animals serocomo:no:J in the 
following 2 months. The detection of bluetongue virus i n  C 
brn-iuusis is consistent with subclinical transmission to canle 
in the same location since C. brt"l"itarsis i� known to feed 
readily on cattle. Attack rates as high as 5000 midges per 
animal in the hour f(1llowing sunset have been recorded 
(Standfa�t and Dyce 196�). 
C brr:1·irarsi� is closely associated with ca!tle. The insect 
breeds in dung pats on pasture (Cannon and Reye 1966) and 
feeds on ca11le, buffalo, sheep, hone\ anJ. r;�rcly. marsupials 
(Muller and \l urray 1977; \lulkr r:t a/ l �li l ). The insect 
does O((Ur at low population densities in areas where 
\ignifieant numbers of sheep arc kert ( Dyce and Standfa\t 
1�"'�1.  however naturally o�;�;urring bluewngue Ji,caw has 
not been oh,l·ncJ in sheep in Ausnalia. The reasons for thi.s 
apparent trK(lfl,i\tCth"\ have been outlined by .\lullcr et a/ 
( 1 98�) who noted the fa�:t that Jc,\ than 0.3"o of insects 
feeding e.\('Crimentally on \·iraemi�: sheer become in fected so 
that 1ery large numben of C. bre1 itanJ�' (of the order of 
J6,000) are required for one transmission. Population dens-
3-24 
ities of this order ha\·e not been recorded outside coastal 
dairying areas. 
The isolation of bluetongue 1irus from C. bre1 itarsis brings 
to 13 the number of 1 i ruses associated with lhestod that 
have been isolated from field collected C. bre1 itarsis ( \1 uller 
et al l91C; St George unpublished data). The e>;perimental 
demonstration of the ability of C. brnitarsis to transmit 
bluetongue virus is still required to confirm it  as a 'ector of 
bluetongue \"irus i n  .-\ustralia. 
\\"e wish to ackno11ledge the assistance of D. H .  Cybith k i ,  
H. Zakrle,,ski,  P.  G .  Allingham, E .  J .  Harris a n d  S .  S. 
Da1 is 11 ith the isolation and identification of these 1·iruses. 
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ABSTRACT 
Della-Porta, A.J., Sellers, R.F., Herniman, K.A.J., Littlejohns, I.R., Cybinski, D.H., 
St. George, T.D., McPhee, D.A., Snowdon, W.A., Campbell, J., Cargill, C., Corbould, 
A., Chung, Y.S. and Smith, V.W., 1983. Serological studies of Australian and Papua 
New Guinean cattle and Australian sheep for the presence of antibodies against blue- 
tongue group viruses. Vet. Microbiol., 8: 147--162. 
Following isolation of a virus (CSIRO19) from insects in Australia and its identi- 
fication as bluetongue virus serotype 20 (BTV20), a nationwide survey of antibodies 
in cattle and sheep sera was undertaken. Initial studies using the serum neutralization 
(SN) test showed that the distribution of BTV20 antibodies in cattle was confined 
to the northern part of Australia. Group-reactive antibody tests (agar gel diffusion pre- 
cipitin, AGDP, and complement-fixation, CF) showed group-reactive cattle sera south 
of the BTV20 zone (northern Australia), and southwards from Queensland to New 
South Wales. Very few group-reactive sheep s ra (45 out of 16213) were found and 
these were of doubtful epidemiological significance. Some of these BTV group-reac- 
tive, BTV20-negative, sera were tested in SN tests against BTV1 to 17 and Ibaraki (IBA) 
0378-1135/83/$03.00 ©1983 Elsevier Science Publishers B.V. 
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virus. The results indicated that BTV1, or a closely related orbivirus, was active in cat- 
tle in Queensland, northern Western Australia, and New South Wales, and that anti- 
body to BTV15 was present in some of the cattle sera in northern Western Australia 
and the Northern Territory. Antibody to IBA virus was present in some cattle sera 
in Queensland, northern Western Australia and New South Wales. SN antibody titres 
/> 60 were also found to a number of other BTV serotypes in cattle sera in northern 
Western Australia and Queensland (principally, BTV2 and BTV7). Low level reactions 
were commonly observed against these and a number of other BTV serotypes, often 
in the same serum samples. Further, 22% of the group-reactive cattle sera did not react 
with any of the viruses in the SN tests. Such results were difficult to interpret in terms 
of known Australian BTV or BTV-related isolates. 
INTRODUCTION 
The isolation in Austral ia of CS IRO19 virus in 1975 and its subsequent  
identi f icat ion and typing as bluetongue virus serotype 20 (BTV20) (St. 
George et al., 1978; St. George and McCaughan, 1979) led to a prel im- 
inary serological survey of cattle and sheep for serum neutral iz ing (SN) 
ant ibodies against BTV20.  Ant ibodies were found in cattle in the far north 
of Austral ia (St. George et al., 1978), that  is, the K imber ley region in north-  
ern Western Austral ia, the northern area of the Northern  Terr i tory and 
the Cape York  Peninsula in Queensland (Snowdon,  1979; Fig: 1). 
BTV20 was found antigenically to be closely related to BTV4 and dis- 
tant ly  related to BTV17 (Della-Porta et al., 1981a). Studies on vector  
competence  in Culicoides indicated Culicoides actoni, C. brevitarsis and 
C. shultzei could become infected with BTV20 by feeding on exper imen- 
tal ly- infected sheep (Standfast et al., 1978),  and recent ly C. (Avaritia) 
No. 5 (now classified as C. fulvus) was found to be the most  eff ic ient bio- 
logical t ransmitter  of  BTV20 (Standfast  et al., 1979). Pathogenesis studies 
in exper imental ly - infected animals indicated that  the virus caused no clin- 
ical signs in cattle and only mild to moderate  signs of  b luetongue (BT) 
disease in sheep (St. George and McCaughan, 1979). 
In order to facil itate and extend an Austral ia-wide survey of cattle and 
sheep for ant ibodies against BTV, group-reactive ant ibody tests were in- 
t roduced.  An agar gel dif fusion precipit in (AGDP) test (Della-Porta et 
al., 1981b) and a complement - f ixat ion  (CF) test (Della-Porta et  al., 1981b),  
were developed using BTV20 antigen and its antisera. SN tests were also 
appl ied more widely, somet imes selectively, to test group-reactive s ra. 
This paper  reports  the results of these surveys and of  the subsequent exam- 
ination of a sample of BTV group-reactive (AGDP or CF positive) but  
BTV20 SN-negative sera for antibodies to other  BT group and Ibaraki  
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Fig. 1. Distribution of collection sites and locations in Australia. The bold broken line 
drawn across Australia represents the southern limit of distribution of the biting midge 
Culicoides brevitarsis, and the broken line the Tropic of Capricorn (latitude 23.5 °S). 
m,  BTV20 SN antibodies detected, as well as a high percentage of AGDP/CF BTV 
antibodies. [ ] ,  AGDP/CF BTV antibodies detected in > 10% of cattle sera. [~, AGDP/CF 
BTV antibodies detected in between 2% and 10% of cattle sera, and considered of pos- 
sible epidemiological importance. V--I, no AGDP/CF BTV antibodies of epidemiolog- 
ical importance. Data based on information from sources quoted in the footnotes to 
Table I. 
MATERIALS AND METHODS 
Viruses 
BTV prototype strains for serotypes 1 to 16 were obtained from the 
Veterinary Research Institute, Onderstepoort, South Africa (Howell, 1970). 
BTV17 (62-45S, Wyoming) was obtained from the Arthropod-borne Animal 
Disease Research Laboratory, U.S. Department of Agriculture, Denver, 
CO, and IBA virus from the National Institute of Animal Health, Tokyo, 
Japan. BTV20 (CSIRO 19) was isolated by St. George et al. (1978). 
Eubenangee (EUB) group virus (CSIRO 23) was isolated from Anopheles 
farauti mosquitoes caught at Beatrice Hill, Northern Territory (Della-Porta 
et al., 1979). All virus stocks were grown in baby hamster kidney (BHK-21) 
cells. 
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Complement-fixation ( CF) test 
CF antigens from the following two sources were used in this study: 
antigen prepared from infected suckling mouse brain was used in the 
Queensland Department of Primary Industries (Kipps, 1956); and anti- 
gen prepared from cell culture was used in other laboratories (Della-Porta 
et al., 1981b). For the latter, BTV20 virus was grown in roller bottles 
of confluent Veto cells with Medium 199 containing 0.2% bovine serum 
albumin. When a 75% cytopathic effect (CPE) was found, the fluid was 
harvested from infected, and at the same time from uninfected (control), 
bottles and clarified by centrifugation. A 1/10th volume of 1.0 M Tris-- 
HC1 buffer (pH 8.0) was added and the fluids were then treated with 0.2% 
(v/v) ~-propriolactone (BPL) at 37°C for 2 h and overnight at 4°C to in- 
activate the virus. The inactivated CF antigen was again clarified by cen- 
trifugation and stored at or below --20°C until used. The tests were car- 
tied out as described by Della-Porta et al. (1981b). Appropriate sera and 
antigen controls were included to detect anticomplementary or non-spe- 
cific reactions. Only sera that specifically fixed complement at a dilution 
of 1 in 10 or greater were considered positive reactors. 
Agar gel diffusion precipitin (A GDP) test 
Twelve-ml volumes of borate buffered (0.5 M, pH 8.5 plus 0.01% NAN3) 
1.0% agarose solution were poured into 90 mm plastic petri dishes and, 
after setting, wells were cut in hexagonal patterns around a central well 
(Sharp and Littlejohns, 1981). The BTV--AGDP antigen was prepared 
from concentrated tissue culture fluid from BHK-21 cells infected with 
BTV20, clarified by centrifugation and then inactivated with 0.2% BPL, 
in the same manner as was the CF antigen. The concentration was usually 
achieved by dialysis against polyethylene glycol (MW 2000), but some 
early batches were concentrated by freeze-drying and reconstitution. The 
products of the two methods were not recognizably different. The test 
was performed with the antigen in the central well, each alternate periph- 
eral well containing reference anti-BTV20 bovine serum and the remaining 
wells the test sera. The test was read after 24 h at room temperature in 
a humidified atmosphere. Negative or suspicious samples were re-examined 
at 48 h. The readings were scored as follows (see Fig. 2): 
- -  no significant urn of the reference line (negative) 
Fig. 2. AGDP react ions in the BTV- -AGDP test. The reactions illustrated are scored 
in comparison to a specific BTV reference bovine serum and rate > 3+, 3+, 2+, 1+ and 
?. In each case only 3 of  the 6 outer wells are shown with the top well having the test 
serum and the left and r ight wells the reference antiserum. The bottom (centre)  well 








doubt whether a turn can be recognized; (the doubt is in the 
reading rather than whether a minor degree of reactivity is sig- 
nificant or specific) 
a distinct urn on the end of the reference line 
a continuous line showing identity with the reference line, but 
located closer to the serum well than is the reference line or much 
weaker than the reference line 
a line continuous with the reference and equivalent in strength 
a line continuous with the reference line but much stronger, com- 
monly not sharply defined and moved towards or into the an- 
tigen well. 
All + reactions were interpreted as positive. 
Serum neutralization tests 
Quantal microtitre (SNso) assays 
The method employed at Pirbright for screening sera against BTV sero- 
types was that of Parker et al. (1975). The SNs0 titre was based on the 
presence or absence of CPE which had developed fully within 4--5 days 
and was expressed as a reciprocal of the final dilution of serum present 
in the serum/virus mixture which inhibited CPE in 50% of the wells. Titres 
< 20 were scored as negative and titres ~> 60 were considered as strong 
positive reactions. The methods used in Australia for testing for BTV20 
antibodies were similar to those of St. George et al. (1978). 
Plaque-inhibition (PI) and plaque-reduction (PR) tests 
The methods employed were those described by Della-Porta et al. 
(1981a). The PI and PR tests were carried out in SVP cells (Della-Porta 
and Snowdon, 1979). 
Survey procedure 
Blood was collected from cattle and sheep throughout Australia and 
from a more limited sampling of cattle in Papua New Guinea. The sera 
were inactivated at 60°C for 30 min and screened for BTV group anti- 
bodies using the AGDP and/or CF tests, and positive reactors were usu- 
ally tested for type-specific antibodies in a microtitre SN test against BTV20. 
A selection of the group reactive (AGDP and/or CF positive) sera, most of 
which were negative in the BTV20 SN test, were sent to The Animal Virus 
Research Institute, Pirbright, Gt. Britain, for testing against a range of 
BTV serotypes in SN tests. Standardized reagents and control antisera 
were distributed to all Australian laboratories performing the BT group 
reactive (AGDP and CF) and BTV20 SN tests. Sera were collected from 
animals during 1977--78 and the data were analysed on a State basis (Table 
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VIRUS TYPE IN TEST 
Fig. 3. Serum neutralizing antibody reactions against BTV serotypes or Ibaraki (IBA) 
virus of selected bovine sera from Papua New Guinea (PNG), Queensland (QLD), West- 
ern Australia (WA) and New South Wales (NSW). II , represents positives with SNso 
| ,  represents strong positives with SNs0 titre of >/ 60. Final bar on right titre of 20. 
(none) represents sera which were negative (SNso titres < 20) to all viruses in this study. 
RESULTS 
Northern Territory 
The highest prevalence in Australia of  antibodies to BTV20 in cattle 
was in animals f rom the north of  this state {Fig. 1). There were no pos- 
itive sheep sera. Approximately  three times as many cattle sera were BTV- 
group-reactive positive than were BTV20 positive. 
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Queensland 
Although many group reactive sera were found in cattle {Table I), the 
small number of BTV20 positive sera all came from the Cape York Peninsula 
(Fig. 1). There were also a small number of group reactive sera found in 
sheep {Table I). An examination of 36 bovine group-reactive, BTV20 neg- 
ative sera showed (Fig. 3) strong reactions (SNs0 titres i> 60) against BTV1 
(17%), BTV2 (11%), BTV6 (5%), BTV15 (5%) and IBA virus (11%). Sev- 
enteen percent of these sera did not react specifically {SNs0 titres < 20) 
with any virus in this test, while a number of other sera reacted weakly 
(SN titres/> 20 to < 60) with several of the virus types. 
Western Australia 
All the group reactive cattle sera {Table I) came from animals in north- 
ern areas. A higher percentage {22.5%) was found in the Kimberley area 
than in the Northwest (3.6%). The few BTV20 positive sera were found 
north of latitude 17°S (Coackley et al., 1980). No group reactive anti- 
bodies were detected in sheep (Table I). Examination of 15 group-reac- 
tive BTV20-negative sera showed (Fig. 3) meaningful reactions {SNs0 titres 
~> 60) against BTV1 {20%), BTV2 (7%), BTV6 (7%), BTV7 (20%), BTV9 
(7%), BTV l l  (7%), BTV13 (7%), BTV15 (33%) and IBA virus {13%). 
There were also weak reactions {SNs0 titres 1> 20 to < 60) and often an 
individual serum had low titres against many BTV serotypes. Again, there 
was a small proportion (13%) of group-reactive sera which did not react 
with any of the viruses used in this study. 
New South Wales 
Cattle reacting in the group antibody tests {Table I) were distributed 
over most of the State except for a band stretching through western a d 
southern regions and onto the southern tablelands (Fig. 1). The preva- 
lence of reactors increased towards the coast in the east and was highest 
in the north eastern corner of the State. In the areas of low incidence of 
reactors (2--10%), antibody was only observed in older animals (>4 years 
old), presumably because of variable seasonal and animal incidences. The 
results of testing in New South Wales were presented for pasture protec- 
tion districts rather than for specific herd locations, explaining the shape 
of the distribution in the North-West corner of the State. Forty-nine group- 
reactive sera (BTV20-SN negative) examined in the SN tests (Fig. 3) in- 
cluded meaningful reactions {SNs0 titres i> 60) to BTV1 (17%), BTV7 
(4%) and IBA virus {10%), and showed a number of weak reactions with 
other BTV serotypes. A very low percentage of the sheep tested had group 
reactive antibodies {Table I). 
Two of the BTV1 reactive cattle sera were examined using additional 
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serum neutral izat ion tests to the SNs0 test (PI and PR neutral izat ion tests) 
in order to study the specif icity of the react ion (Table II). One of  the 
sera was a strong reactor  (SNs0 t itre of  110) and one was a weak reactor  
(SNs0 t itre of  40). Both reacted strongly in PI tests and had 50% PR neu- 
tral ization titres of 1100 and 225, respectively. It  was also noted (Table 
II) that  these sera weakly neutral ized EUB group virus (isolate CSIRO23)  
in PI tests; that  bovine ant i -CSIRO23 serum would weakly neutral ize BTV1,  
but  that  guinea-pig ant i -BTV1 serum did not  neutral ize CS IRO23 virus. 
I t  was observed that 29% of  all the group-reactive catt le sera did not  
react with BTV1 to 17, BTV20,  or IBA virus (SNs0 titres < 20) in the 
neutral izat ion tests (Fig. 3). Some of these sera (Table I I I )  showed both  
strong AGDP react ions (2+ to 3+) and high CF titres. 
TABLE II 
Comparison of neutralizing antibody titres of two New South Wales cattle sera to BTV1 
and Eubenangee group virus (CSIRO23) 




50% plaque Plaque-inhibition Plaque-inhibition 
reduction (mean ± S.E. in ram) (mean ± S.E. in ram) 
BTV-1, guinea- 
pig NT a 800 18 ± I 0 ± 0 
Anti-CSIRO 23 
bovine NT 6 11 ± 1 23 ± 3 
NSW bovine 
78/2790-3 
(Grafton) 110 1100 18 ± 3 15 ± 2 
NSW bovine 
78]2795-2 
(Kempsey) 40 225 17 ± 2 13 ± 1 
aNT = not tested. 
South Australia 
Only a very small number  of  BTV group-reactive cattle and no posi- 
tive sheep sera were found (Table I). None of  the group-reactive catt le 
sera was SN posit ive to BTV20 and 20 of  these sera tested against BTV1 
to 17 and IBA virus were all negative (SNs0 titres < 20). 
Victoria 
Only 38 cattle were BTV group-reactive (Table I). Of  these, 37 were 
AGDP posit ive and 13 CF positive. Three sheep were AGDP posit ive and 
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none CF positive. All animals tested (Table I) were negative in the BTV20 
SN test. All the positive reactors were believed to have been imported 
to Victoria, and are considered of  doubtfu l  epidemiological importance.  
None of  the sera was tested against other BTV serotypes. 
TABLE III 
Comparison f
tle which were 
AGDP and CF reactions in AGDP reacting sera from New South Wales cat- 
negative in all SN tests 
Serum No. District AGDP reaction CF titre 
t 
78/2598-181 Gloucester 1+ < 10 
78/2598-190 Gloucester 1+ < 10 
78/2704 Moss Vale 1+ < 10 
78/2790-6 Grafton 1+ < 10 
78/2795-1 Kempsey 3+ 30 
78/2795-3 Kempsey 3+ 30 
78/2866-1 Warialda 3+ < 10 
78/2866-4 Warialda 3+ 60 
78/2866-14 Warialda 2+ 15 
78/2866-17 Warialda 2+ < 10 
Tasmania 
There were only 2 group-reactive cattle detected and both were BTV20 
negative (Table I). Both had been imported in 1975 f rom Queensland; 
124 in-contact animals in the same herd were AGDP negative. Neither 
of these sera was tested against other BTV serotypes. 
Papua New Guinea 
Twenty  paired and 6 unpaired sera from cattle were tested. The paired 
samples were from a sentinel herd in which the animals seroconverted 
in the AGDP test during the period of the survey (Van Kammen and 
Cybinski, 1981}. None of  these 26 sera had SN antibodies against BTV20.  
From the paired sera, three animals showed evidence of  recent infect ion 
with BTV1, or a related virus, and a further three from the same herd 
became AGDP-positive at the same t ime but  developed no detectable SN 
antibodies against the viruses used in this study. Six other  cattle had SNs0 
titres of  80 to 320 against BTV1. Of the 12 group-reactive cattle sera f rom 
Papua New Guinea, 75% reacted strongly (Sns0 titres/> 60) with BTV1 (Fig. 
3) and there were no meaningful reactions (SNs0 titres ~> 60) against BTV2 
to BTV17,  BTV20,  or IBA virus. Of the AGDP positive sera, 25% did not  re- 
act (SNs0 titres < 20) with any of  the viruses in this study. 
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DISCUSSION 
The introduction of group tests (AGDP and CF) to detect BTV anti- 
bodies revealed that there were sera from animals outside the BTV20 zone 
which were BTV positive (Fig. 1). A number of these sera was examined 
in specific SN tests against BTV1 to 17, BTV20, and IBA virus; the re- 
sults (Fig. 3) show the difficulty of interpreting the s rological data be- 
cause of the high proportion of low titre reactors to all BTV serotypes, 
and because they represent only a small sample of sera from Australian 
and Papua New Guinean cattle. Therefore, the results should be consid- 
ered only as an indication of the possible presence in Australia of BTV 
serotypes and IBA virus, or of related orbiviruses. Also, because of the 
different administrative systems, practical circumstances in different areas, 
and different interpretation of the Australian survey results (Table I; Fig. 
1), the results should be considered as an indication of the scale and scope 
of the survey rather than as definitive information concerning the distri- 
bution of bluetongue virus antibodies in Australia. 
The most commonly observed neutralizing antibody response in BTV 
group-reactive, BTV20-negative cattle was to BTV1. More than 17% of 
all sera from such cattle possessed SNs0 titres to BTV1 of/> 60. In the 
Papua New Guinean sentinel cattle the response was almost solely to BTV1, 
with seroconversions being observed in 3 paired serum samples. It should 
be noted that 3 other paired sera from the same herd, which became AGDP- 
positive at the same time, did not become SN-positive to any of the vi- 
ruses in this study. Seroconversions to BTV1 were detected in cattle in 
sentinel herds (Fig. 1) in Queensland (Kairi and Swans Lagoon Research 
Station) and in Northern Territory (Douglas/Daly) prior to the 1977-- 
78 survey period (K.A.J. Herniman and R.F. Sellers, personal communica- 
tion, 1978). Some of the BTV1 SNs0 titres of animals in these herds were 
high, between 110 and 320. The examination of two New South Wales 
cattle sera (Table II) by SNs0, 50% PR, and PI neutralization assays howed 
that all 3 tests on these sera demonstrated antibodies to BTV1, similar 
in degree to that observed using reference guinea-pig anti-BTV1 serum. The 
results would suggest hat cattle in Australia and New Guinea have been 
infected with BTV1 or a closely related virus. BTV1 has a wide distribution 
being found in South Africa, Egypt, India, Malaysia and Singapore (Howell, 
1970; Herniman et al., 1980). Recent studies (St. George et al., 1980; Della- 
Porta et al., 1981b) in the Northern Territory resulted in the isolation of 
CSIRO156 and 7 serologically indistinguishable isolates and CSIRO156 virus 
is serologically indistinguishable from BTV1. CISRO156 virus may be the 
cause of BTV1 antibody responses in cattle in the field, but this possibility 
has yet to be investigated in detail particularly as all ~he Australian BTV 
serotypes o far isolated are very distantly related, by RNA gene homology, 
to African BTV serotypes (Huismans and Bremer, 1981; Gorman et al., 
1981; B.M. Gorman, 1982, personal communication). 
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The next two most commonly detected antibody responses were to 
IBA virus and BTV15 (Fig. 3). Between 10% and 13% of BTV group-re- 
active cattle sera in Queensland, Western Australia and New South Wales 
had high SNs0 titres (~> 60) against IBA virus, and a greater number of 
animals had low SNs0 titres (~> 20 to < 60). Ibaraki virus is the cause of 
a BT-like disease in cattle in Japan {Omori, 1970) and recently has been 
shown to be related to the Alberta serotype of epizootic haemorrhagic 
disease of deer virus found in the U.S.A. (Campbell et al., 1978). The 
Ibaraki-epizootic haemorrhagic disease of deer serogroup viruses have been 
reported to be distantly related to BTV serogroup members in group-re- 
active serological tests (Borden et al., 1971; Campbell et al., 1978). BTV15 
antibodies were found in Western Australian cattle sera, 33% of the group- 
reactive sera having SNs0 titres ~> 60 (Fig. 3). There was also a number 
of BTV15 SN positive cattle sera from a property in the Northern Territory 
(Fig. 1), but limited volumes of sera prevented quantitative titration. BTV15 
has not been isolated outside Africa (Howell, 1970). 
A low percentage of high SN antibody responses (SNs0 titres /> 60) 
was found to BTV2 in Queensland (11%) and Western Australia (7%), 
to BTV7 in Western Australia (20%) and to other BTV types at 7% or 
less in all states (Fig. 3). The significance of these results is very difficult 
to evaluate. It is apparent hat there is a much broader spectrum of anti- 
body responses in the cattle from northern Western Australia than for 
the rest of Australia (except for the Northern Territory which was not 
fully evaluated), probably reflecting multiple infections with different 
orbiviruses. The BTV20 positive sera in Western Australia were left in 
the selection sent to Pirbright and not removed as in sera selected from 
other States. The small number of other BTV20 reactive sera (BTV20 
SN negative when tested in Australia) from other States have low titres 
(SNs0 titre < 60) and may represent greater sensitivity of the Pirbright 
SN test compared to the Australian SN test (K.A.J. Herniman and T.D. St. 
George, 1978, unpublished ata). 
Another feature of the results was the number of positive reactions 
of low titre (SNs0 titre/> 20 to < 60) to a number of different BTV group 
viruses, even with a single serum. This was particularly evident with the 
sera from cattle in Queensland and Western Australia, the more northerly 
states of Australia (Fig. 3). It may be that animals in this area had expe- 
rienced previous infections with several BTV serotypes, and antibody titres 
had waned, or alternatively, cross-reactive antibodies to other BTV sero- 
types or orbiviruses were produced. The possibility that other BTV sero- 
types can produce cross-reactive antibodies has been confirmed by BTV20 
which produces antibodies that neutralize BTV4 and weakly neutralize 
BTV17 (Della-Porta et al., 1981a). Another Australian BTV isolate, 
CSIRO154 virus, is distinct from BTV1--20, but also produces antibodies 
which will weakly neutralize BTV6 (St. George et al., 1980; Della-Porta 
et al., 1981b). Neutralizing antibodies against BTV1 in the serum of a 
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cow after experimental infection by EUB group virus (CSIRO23) illus- 
trates the possible cross-reactions that may be due to infection with BTV- 
related viruses (Table II). A lower activity of BTV-related orbivirus in- 
fections, or the young age of the cattle concerned, may account for the 
absence of many low-level reactors in the Papua New Guinean cattle sera. 
The possibility of a number of BTV serotypes infecting the one animal 
has been reported (Davies, 1978), with as many as 19 strains present in 
a Kenyan location during one year. However, as many of the PI zones 
reported by Davies (1978} were 10--15 mm in diameter, they may rep- 
resent cross-reactions or low titre reactions (Table II}, and present prob- 
lems of interpretation similar to those encountered in this study. 
Excluding the Northern Territory, from which sera were not conclu- 
sively tested because of their cytotoxicity, 25 of 112 group-reactive cattle 
sera were negative in all the quantal SN tests (Fig. 3). Of the sera of this 
type, 3 (25%) were from Papua New Guinea, 6 (17%) from Queensland, 
2 (13%) from Western Australia and 14 (29%) from New South Wales. 
Some gave strong (3+ to 2+, Fig. 2) AGDP reactions (Table III) that may 
have been due to infections with BTV serotypes uch as CSIRO154, not 
used in this study. There may also be other Australian orbiviruses which 
could have produced cross-reactions, uch as the weak 1+ (Fig. 2) AGDP 
reactions. Eubenangee virus is known to be distantly related to BTV by CF 
(Borden et al., 1971; Frazier and Shope, 1977) and the EUB group isolate 
CSIRO23 can induce antibodies which will give 1+ to 2+ AGDP reactions 
against BTV antigens (Della-Porta et al., 1979). D'Aguilar (DAG) virus can 
also produce very weak (? to 1+, Fig. 2) reactions with BTV and stronger 
reactions (1+ to 2+) with EUB antigens in AGDP tests (Della-Porta et al., 
1979). Moore (1974) reported a reaction between BTV and Abadina virus 
(Palyam group, to which DAG virus belongs) in AGDP tests. Group-reactions 
have also been reported to occur between Ibaraki-epizootic haemorrhagic 
disease of deer virus and BTV serogroup members (Borden et al., 1971; 
Campbell et al., 1978). 
In terms of the usefulness of the serological tests, the AGDP test gave 
the greatest number of serological positive results and was the simplest 
to perform and most reproducible (A.J. Della-Porta and I.R. Littlejohns, 
1979, unpublished ata; Coackley et al., 1980). The CF test  gave a smaller 
number of positives, was difficult to perform and reproducibility between 
laboratories was poor (A.J. Della-Porta and I.R. Littlejohns, 1979, unpub- 
lished data; Coackley et al., 1980). The SN test gives a type-specific re- 
sult, but cross-reactions between serotypes do occur (Della-Porta et al., 
1981a, 1981b; St. George et al., 1980) and possibly between BTV sero- 
types and non-BTV orbiviruses (Table II). It is suggested that the AGDP 
test could replace the CF test as a more sensitive and reproducible method 
for the detection of group-reactive sera and for international regulation 
for the export of live animals or their gametes or zygotes. Interpretation 
of SN tests may be clearer when, or if, more BTV serotypes, indigenous 
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or otherwise, are isolated and definite specific seroconversions can be dem- 
onstrated. Finally, it must be emphasized that interpretation f the epi- 
demiological significance of results from a survey of this magnitude is 
difficult in the absence of clinical BT disease in cattle and sheep and with- 
out knowledge of, and access to, the range of relevant viruses that occur 
in nature. It is suspected that similar surveys carried out in other areas 
of the world may provide results similar to those reported in this paper. 
The need for caution when reporting the presence of BTV antibodies, 
the need for establishing regularly-bled sentinel herds for monitoring of 
specific seroconversion, and the need for further studies into BTV sero- 
logical tests and the cross-reactions produced by infection of animals with 
related orbiviruses i  again emphasised. 
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The vi ruses whi ch have been i dent i fi ed as members of  the epi zooti c 
hemorrhagi c  di sease {EHD )  serogroup were i sol ated from heal thy cattl e i n  
senti nel herds i n  Queensl and and the Northern Territory . The vi ruses 
were found in the del i berate search for add it i ana 1 b 1 uetongue v i  ruses 
mounted after the i dent i fi cation of the fi rst b 1 uetongue vi rus in October 
1 97 7 .  The p rogram was coord i nated by M r .  St.George and approximately 
hal f the actual i so l at i ons were made personal ly  by h im ,  the others by 
members of h i s  techni cal staff p articul arly Miss  Zakrzewski .  The 
serol ogy on catt l e  sera was carried out on the stocks accumul ated in the 
serum bank from the senti nel herd scheme . The catt l e  and sheep 
i nocul ation  experiments were carried out w ith  Mr . M .F .  Uren . I 
d i fferenti ated the EHO vi ruses i nto 5 di sti nct ant i geni c group s .  
The comparison o f  the f i ve Austral i an (EHO) vi rus wi th Jbaraki v i rus was 
made by Or Del l a-Porta at C S! RO Animal Health Laboratori es , Parkvi l l e .  
The i ns.ect t rapp i n g  program at the senti nel herd s i tes was the 
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The isolation of five different viruses of the 
epizootic haemorrhagic disease of deer 
serogroup 
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After the discovery of a bluetongue virus (serotype 20) in 
Australia (St George e1 al 1978), serum samples from 
Australian cattle were sent to Pirbright, United Kingdom, 
for bluetongue virus neutralisation tests for other bluetongue 
serotypes as such tests could not be done here. These tests 
indicated that other bluetongue virus serotypes could be 
present, and that a number of the serums had titres against 
Ibaraki virus (Snowdon 1979), the first indication that lbaraki 
virus occurred in Australian cattle. A search was made for 
further strains of known bluetongue serotypes and for viruses 
of other groups such as the epizootic haemorrhagic disease 
of deer (EHD) serogroup, which might be responsible for 
cross-reactions in bluetongue group serological tests of 
Australian cattle. Sentinel cattle, in 6 herds in the northern 
half of the Northern Territory and 2 in Queensland, were 
bled on a weekly basis between January and May of each 
year from 1979 to 1982. The herds and the sampling period 
were chosen after retrospective testing of serums held from 
previous years for bluetongue group antibodies. These serums 
had been stored as part of the sentinel herd scheme described 
by St George el al ( 1979) and St George ( 1980). 
In addition to bluetongue viruses of serotypes I and 21 
(St George et al 1982), 35 isolations of viruses which gave 
a slight reaction in an immunoflourescence test with an 
antiserum prepared against bluetongue virus serotype 20 were 
made, 21 from healthy sentinel cattle in the Northern 
Territory and Queensland and 14 from Culicoides brevitarsis 
collected in Queensland. These 35 isolates had a strong 
relationship with each other by immunofluorescence (IF) tests 
in which rabbit antiserums against 5 of the isolates (CSIRO 
157, 439, 753, 775 and DPP 59) were used. The reasons for 
choosing these isolates to make antiserums were variations 
in growth characteristics in tissue cultures and apparent 
differences in degree of relationship to the Australian blue-
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tongue viruses (serotypes l, 20 and 21) by IF tests. These 5 
isolates were shown to be distinct viruses by reciprocal 
neutralisation tests (Table 1). However, these viruses were 
closely related to each other when used as reagents in 
complement fixation (CF) tests or agar gel diffusion precipitin 
(AGDP) tests, thus confirming group relationships. 
The remaining 30 of the 35 isolates segregated into the 5 
serotypes when tested in a neutralisation test described by 
Cybinski et al ( 1978) with antiserums produced in rabbits 
against the same 5 isolates listed in Table I. 
Each of the serotypes CSIRO 157, 439, 753, 775 and DPP 
59 was compared with lbaraki virus (lnaba 1975) (a member 
of the EHD serogroup, closely related to EHD-Alberta virus 
(Campbell et al 1978)). Each virus had a close group 
relationship with lbaraki virus and is therefore concluded to 
be a member of the EHD group. By plaque inhibition 
neutralisation tests, CSIRO 439 was indistinguishable from 
lbaraki virus and undoubtedly is an lbaraki serotype. The 
other 4 Australian serotype representatives of the EHD 
serogroup are distinct by neutralisation tests from Ibarki 
virus. The complexities of relationship of all of the Australian 
EHD viruses to the Australian bluetongue virises will be 
reported in separate papers. 
The isolates from insects comprised 12 belonging to the 
serotype represented by CSIRO 157 and 2 to the serotype 
represented by CSIRO 753. All 14 were isolated from C. 
brevitarsis collected near Kairi or Peachester. The distribution 
of neutralising antibodies in cattle to all 5 EHD serotypes 
was determined by testing serums from sentinel herds, bled 
regularly since 1968 (St George 1980). The region where 
antibodies occurred in cattle was found to lie within the 
approximate distribution of C. brevitarsis (Murray 1975; 
Cybinski et al 1978), but the prevalence in different areas 
within this region was variable year to year. 
Two of the isolates, CSIRO 157 and 753, produced 
viraemias but no clinical signs when they were separately 
inoculated into 2 cattle. All 5 Australian EHD serotypes 
produced viraemias of 3 to 12 days duration in groups of 5 
sheep, but only 3 (CSIRO 157, 753 and DPP 59) caused 
illness, evidenced by fever, malaise and hyperaemia of skin 
and mucous membranes, of one to 3 days duration followed 
by complete recovery. 
Only one of the virus serotypes (CSIRO 439) is known to 
be an already named virus, that is, an lbaraki virus. The 
separate identity of the other 4 distinctly different serotypes, 
as demonstrated in Table I, must await their transfer to a 
world reference laboratory for comparison with other mem­
bers of the EHD serogroup of the orbivirus genus (Matthews, 
1982). It must be emphasised that there is no suggestion that 
the diseases caused by viruses of the EHD serogroup, namely 
lbaraki disease of cattle and epizotic haemorrhagic disease 
of deer, occur in Australia; however, the existence of viruses 
of the EHD serogroup in Australia is firmly established. 
We wish to acknowledge the help received from the owners 
or managers of sentinel herds especially T. M. Hunt, 
Peachester; the Queensland Department of Primary Indus­
tries; M. Muller for insect identification; M. F. Uren for 
experimental work with sheep; the technical assistance of J. 
Sack, H. Zakrzewski, P. Allingham, S. Davis, T. Daniel, D. 
Gibson and E. Harris; and Dr Y. Inaba of the Japanese 
National Institutes of Health for the lbaraki virus reagents 
used in comparative tests. 
TABLE 1 
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Preliminary differentiation of Australian EH D isolates by neutralisation tests using 
antiserum produced in rabbits 
Neutralisation titre of antiserums against 
Virus CSIRO 157 CSIRO 439 CSIRO 753 DPP 59 CSIRO 775 
CSIRO 157 2048 < 1 < 1 1 < 1 
CSIRO 439 < 1 4096 < 1 < 1 8 
CSIRO 753 < 1 < 1 256 1 < 1 
DPP 59 < 1 < 1 < 1 256 < 1 
CSIRO 775 < 1 6 < 1 < 1 128 
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T. O .  ST.GEORGE, O . H .  CYB I NSKI , M . H .  BAINBRIDGE a n d  W . A .  SCANLAN 
Thi s report on the results of usi n g  senti nel cattle as  i ndi cators o f  
arbovi rus acti vi ty demonstrated that the technique was effecti ve i n  
1979 .  Dr . Sca n l an and mysel f  organi zed the bieedi n g  program at  the 
senti nel herd si tes , documented the b l ood sa� l es and sent them to Long 
Pocket Laboratories . We a l so carried out a certa i n  amount of the actual 
col l ecti on of bl ood . Mr . St . George i so la  ted the vi ruses and 
Mi ss Cybi nski made the vi rus i denti fi cati ons . Mr . St . George wrote the 
paper and p resented it to the sy� osi um • 
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THE USE OF SENTINEL CATTLE fu� SHEEP FOR THE ISOLATION OF 
ARBOVIRUSES IN THE NORTHERN TERRITORY OF AUSTRALIA IN 1979 
T.D. St.George•'•, D.H. Cybinski•'•, �LH. Bainbridget and W.A. Scanlanf 
A sentinel herd scheme has been in existence, in Australia and Papua-New 
guinea, in some form, since 1969. In this scheme, individually identified 
young cattle were bled each 3 months , or in some cases each month to provide 
serum samples . The main purpose of the scheme was t.o produce a serum bank for 
retrospective epidemiology of various virus infections, by means of serology. 
For instance, the spread of ephemeral fever virus in space and time was stud-
* CSIRO, Division of Animal Heal th, Long Pocket Lab oratorie s , Private Bag 
No. 3, P.O., Indooroopilly, Queensland 4068. 
t Division of Primary Industries, Depa rt ment of Industrial Development, 
Darwin, Northern Territory 5790. 
f Present address: Australian Bureau of Animal He a lth Canberra. 
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ied by this weans (St.George et al. 1977; St.George 1979, St.George unpublish­
ed data). 
Latterly, the serum bank was used in serological surveys for antibodies 
to . serotype 20 of bluetongue virus. Hajor discrepancies were noted v:here 
serum samples from cattle or buffalo apparently contained bluetongue group 
antibodies, as measured by an agar gel diffusion precipitin (AGDP) test, but 
not specific neutralising antibodies to serotype 20. A search was begun for 
these cross-reacting viruses. 
The technique used was based on a preliminary project carried out in 1976 
and 1977, whereby blood clots, which came with the serum samples from certain 
sentinel herds, were cultured in BHK2l tissue culture roller tubes. The 
method used was essentially that described by St. George et al. (1978). An 
isolation rate of 0.8% from 2090 clots was achieved. The arboviruses isolated 
were D' Aguilar, Aka bane and ·Pea ton viruses. 
A weekly programme of collection of heparinized blood samples and serum 
from sentinel animals was carried out at 6 sentinel herd sites in the northern 
half of the Northern Territory between January and May 1979 on a weekly cycle. 
The bloods were collected by officer� of the Northern Territory Primary Indus­
tries Division, and transported on ice to Brisbane. The leucocyte fraction of 
these samples were separated and cultured in BHK2l cells at CSIRO Long Pocket 






.���-A Bealri.ce H. ill ,l.Tortilla 
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� v;ctoria River Researr.h Statio'! 
Figure 1: The Sentinel cattle and sentinel sheep were located at the sites 
marked with a triangle and sentinel cattle, only, at the sites marked with a 
circle. 
The results of the virus isolation p�ogramme are shown in Table 1. Fifty 
isolations of viruses were made, 40 of them being arboviruses; l a probable 
arbovirus, 8 possible arboviruses, and one a virus which is not an arbovirus. 




D'Aguilar Virus Each of the 3 serotypes (B 8112, CSIRO 11 and CSIRO 
58 as proposed by Cybinski to be separate serotypes) were represented among 
the 35 isolates. On 6 occasions, 2 different seroty1>es were isolated at 
intervals from particular cattle. The order of isolation of these serotypes 
is shown in Table 2. The presence of neutral ising antibodies to the one 
serotype did not prevent a viraemia of a second serotype. Three of the 6 
possible permutations of double infections are represented. 
86 . 
T1\DlE !_ 
Northern Territory St.ntinel Cattle 
Virus 
D ' .Aguilar 
Aka bane 




Strain or serotype 
B8112 
CSIRO l l  














The viruses isolated from hepa rinized blood samples collect.�d from sen­
tinel cattle in the Northern Territory bet"'•een January and Hay 1979 . There 
were 20 cattle at each site. 
TABLE 2 
Isolations of D' Aguilar Viruses from Sentinel Cattle 





CSIRO 1 1  
B8112 
CSIRO 58 
In 6 instances ,  two serologically distinguishable D '  Aguilar viruses \.'ere 
isolated from particular cows on 2 sepaL;.:te occasions The combinations of 
the serotypes isolate d ,  shown above , represents 3 of the 6 possible combinations 
of 3 different. serotypes as pairs . 
Akabane Virus No illness was noticed in the 4 cattle from which the isolates 
of Akabane virus were obtained at the time they were viraemic with this virus. 
Bovine Herpesvirus � This virus is not an arbovirus , though insects may 
spread it mechanically An associateci disease ,  with a generalized lymphaden� 
itis and skin lesions resembiing ringworm was noticed in the s�ntinel group 
from which it. came. Serology using this virus showed it - was present in all 
sentinel cattle groups . A fuller account ha� been accepted for publication 
in the Australian Veterinary Journal .  
Unidentified Virus'es There we re 3 different viruses represented ,  namely 
CSIRO 154 from Victpria River Research Station and CSIRO 156 from Beatrice 
Hill and Tortilla . ·  The third , CSIRO 15 7 ,  o riginated from Beatrice Hill. 
These "'ere isolated in the time frame that seroconversion to the AGDP test for b�.ueto�gue group �ntibody occurred . .,Ho\1-.'eve r ,  their rela tionship to bluetongue v�rus �s not yet established. 4 
CSI}3_0 154 This virus in its structure is an orbivirus and multipl ies in r.!�s
.
quitoes , wh�n injected intrathorac ically , to reach a peak of growth in 6�8 d.::) S .  It \,'as lsolated from the only steer in the o r r m n  r. F  '> "  .... ,.J, ,.. n�.ctona 
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River Research S t a tion (Figure l ) ,  t-.•hich was subsequently shovm to develop 
antibody to th is v i rus.  
CSIRO 156 and CSIRO 157 At present these viruses a re poorly characterized, 
and have not been compared with the full range o f  Australian arbov i ruse s .  
However ,  a s  judged b y  growth in mosquitoes they appear t o  be arboviruses . 
Comparison � Cattle and Sheep � Sentinels 
No vi ruses were isolated from the sentinel sheep a t  any of the 3 loca­
tions, a n d  they d i d  not develop ·antibody to the bluetongue gel diffusion test, 
nor neutralising antibodies to 5 S imbu group viruses , n • Aguilar viruse s , CSIRO 
154 or CSIRO 156 viruses. The sheep were thus poor sentinels compa red \.'ith 
the cattle on the same s i te s ,  where 43 o f  the 5 0  isolations were made (Tables 
3 and 4) 
S i t e  
Ber r imah 
Beatrice H i l l  
Tortilla 
TABLE 3 
Northern Territory Sentinel Flocks 1979 
N o .  o f  Sheep 
12 




No viruses v.•ere isolated from heparinized blood samples collected weekly 
between January a nd flay 1979.  
TABLE 4 
V i ruses Isolated from Sentinel Cattle in the Nor-thern Territory 1979 
Site 




Victoria River Res .  Stn 














The numbe r  o f  viruses isolated from heparinized blood samples is shown a s  
a percentage o f  the total blood samples culture d ,  between January and �lay 
1979. The sites a re shown in the map (Figure l) 
The explanation may have been that vector-host preference w a s  critical oi: 
perhaps the location of the sheep on the particular herd site was the import-
ant fact o r .  : 
If suckling mice had been used in addition to BHK21 tissue culture s ,  prob­
ably more arbov i ruses could have been isolated , but perhaps not more orbivir­
use s .  I t  will b e  some time before • i t  will be known \.'hether any o f  these new 
v i ruses (CS IRO 154,  CSIRO 156 u r  CSIRO 157) w i l l  explain some o f  the apparent 
cross-reaction , that has occurred in sentinel cattle as judged by the blue­
tongue AGDP t e s t  because it takes several v.·eeks to raise antisera to v i ruses 
in laboratory a n imals and to carry out the necessary serological test s . How-
echnique has been successful in detecting arboviruses . 
88 . 
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VECTORS OF A BLUETONGUE VIRUS IN AUSTRALIA 
JI. A.  Standfast1 , A . L .  Dyce
2 , T . D .  St .George\ D . H .  Cybinski1 and ti . J .  tluller1 
This paper will  be limited to aspects of the transmission of CSIR019 
virus , Bluetongue serotype 20 which at this time is the only member of the 
group available for study and the only type for which details of neutral i s ing 
antibody distribution in cattle in Australia are available (St . George unpub-
lished) 
#' 
The original, and still the only isolate of this virus , came from a 
collection of insects made at Beatrice Hill in Narch 1975 (St . George et a l .  
1978) In the Beatrice H i l l  study, some 236 ,000 insects were processed for 
virus isolation. Eight percent of insects had not been identified to species 
and were processed a s  pools of Culicoides mixed specie s . Included in this 
category was the pool of 214 Culicoides from which the isolation was made. 
While the composition o f  this pool was not known, the composition of collec­
tions made the week before and the week after the positive collection is 
known . as these collections were part of the population study made at Beatrice 
Hill .  Extrapolating from the results of these collections the p robable com­
position o f  the positive pool i s  shown in Table l .  
TABLE 1 
ESTIMATED COMPOSITION OF POOL OF CULICOIDES 
FROM WHICH CSIRO 19 VIRUS WAS ISOLATED 
Based on species composition of collections made during week immediately be­




�'(c . actoni 
�·.-c.- �arsis 
C"':'" schultzei 1cC. (Avaritia) No.5 
1�C. suzuki i 
·:·� �lpis 
TOTAL 











All of the species listed are known to feed on cattle and had to be 
considered in the search for the vector .  It bas been suggested that i t  was 
fortunate we did not know which species the virus came from a s  this meant we 
went into the investigation unbiased and considered all o f  the 20 species 
recorded from Beatrice Hil l .  
One approach t o  finding the vector would have been t o  g o  back to Beatrice 
Hill and collect Culicoides in the hope o f  isolating more virus . This was 
l. CSIRO , Division o f  Animal Health, Long Pocket Laboratories,  Indooroopilly,  
Qld 4068.  2 .  CSIRO , Division of Animal Health ,  Hd1a ster Laboratory, Glebe , 
NSW 2037 
2 1  
rej ected as nearly a quarter of a million insects h a d  already been processed 
for l isolate . I t  was decided to defer this aspect o f  the study until such 
time as it was known when and where to collect and which species to concen­
t-rate on. It was as well this was done as results o f  serological surveys 
indicated there wa s little or no virus activity during the 77/78-78/79 wet 
seasons . 
A technique for feeding Culicoides on an animal and subsequently recover­
ing the blood fed insects alive had been developed (Mul le r ,  in pres s )  A 
series of experiments using these techniques was planned to screen wild 
caught insects for their ability to support virus multiplication when exposed 
to virus by feeding on viraemic sheep . As most of the species of insects used 
were restricted in distribution to the Northern Territory, and the Beatrice 
Hill studies could be used a s  a guide to when,  where and how the insects could 
be collected. Da rwin was chosen as the project site . Experiments (Figure 1) 
were conducted in March/April 1978 when insects were available . The experi­
ments were a j o int McMaster-Long Pocket Laboratory project in collaboration 
with the then Animal Industry Branch of the Northern Territory. 
Figure 1 
1978 DARWIN PROJE"'! 
� 
held elive 
e dayaal n•c 1 
SufTI¥1ng lnaoc:te 
aorted to t�ccle• 
�.,., ....,,, .... 
10 .. daya 
pc>at inoc�latiOft 
Susceptible sheep from the New England Tableland we :e �ransported by road 
to Brisbane then flown to Darwin where they were held 1n l.nsect proof accom­
modation . They were inoculated with blood taken �rom a vira:mic . sheep . 
Culicoides collected by light trapping or truck trapp1ng at Beatrl.ce H�ll and 
the Upper Adelaide River Experiment Station were fed on the sheep on . da� 5 to 
4ay 10 post inocula tion,  a period when experiments . 
at Long Pocket l.nd l. cated 
the sheep would be ci rculating virus . Blood-fed fl1es were removed and held 
2 2 .  
i n  an incubator a t  27°C for 6 days , .,_,hen the survivors \.:ere j dentified t o  
species and shipped in  liquid nitrogen t o  Long Pocket � .. :here they \vere inocu­
lated into BHK2l tissue culture s .  Pools of insects negative after l blind 
passage Here discarde d .  Aliquots from each species homogenate were pooled and 
inoculated into each of two sheep . Insects fed on donor sheep on days when 
virus could not be isolated were excluded from the results . A similar series 
of experiments using f.:_ brevitarsis and C. marksi collected in SE Queensland 
was undertaken at Long Pocket with results �milar to the Darwin series .  
The results are listed in Table 2 .  It will  be  seen that virus was iso­
lated in tissue culture and sheep from three species , C .  actoni , C .  (Avarit­i!) sp. No . 5  and f.:. brevitarsis and in sheep alone hom three Species f.:. 
peregrinus , � s chultzei and f.:. suzukii . The negative ·result for f.:. marksi 
was particularly pleasing as  this species is  known to attack sheep in the 
field ntuller and tlurray 1977) J reaches high densities at  times in the sheep 
rearing areas and has an Australia wide distribution (Murray 1975 ) .  The 
negative result for f.:. bundyensis was also encouraging as this insect is  known 
to feed on sheep (Muller and Murray 1977) and is widely distributed in north­
ern and eastern Australia (Dyce unpublished) . It was interesting to note that 
f.:.. austropalpali s ,  a species regarded as  a bird feeder (Lee � � 1962) , 
readily fed on sheep when no other blood source was available. 
TABLE 2 
Results of attempts to demonstrate presence of CSIRO 19 virus in Culicoides 
sp. six days after feeding on experimentally infected sheep 
Numljer Tissue Sheep Inoculations Species Tested Culture Virus Neutral ising Iso_la t ion Isolation Antibody 
C. actoni 47 1/6'' 2/21 2/2 - ---
c.  (Avaritia) 35 5/5 2/2 2/2 
sp. � 
c .  llrevit:n�•is :'18 3/li• 7./7. 2/2 
c .  Eeregrinus 1817 0/26 2/2 2/2 
c .  schultzei 365 0/16 1/2 1/2 
c .  suzukii 14 0/4 1/2 1/2 
f.:_ austroEalEalis 18  0/10 0/2 0/2 
f.:. brevipalpis 178 0/13 0/2 0/2 
� bundzensis 1363 0/33 0/2 0/2 
c .  marksi 1761 0/44 0/2 0/2 
1: Ratio of positive pools to number of  pools tested. 
t Ratio of number of positives to number of sheep inoculated. 
While numbers are too small to rank species on their per.-formanc
_
e ,  those 
\'t'hich p rovided isolations in tissue
_ 
cult�re e_
ither pr�duced more v1.rus �e r  
insect, or were more susceptible t o  1nfect1.on Wtth the vtrus , than those whtch 
only produced a viraemia in sheep 
2 3 .  
The outstanding species in the grol'.p was C .  ( Avaritia) sp . No . 5  from 
\Yhich 5 isolations were made from 5 pools of in5ects , one of which contained 
only one insect.  Since then in the 1979 series a further isolation of virus 
from one f.:_ (Avaritia) sp . No . 5  was made . 
Jones ( 1971)  showed that the percentage of Culicoides infected by feeding 
on blood virus mixtures depends to a degree on the amount of virus ingested, 
while Luedke (l969a) has demonstrated quite marked day to day and sheep to 
sheep variations in the titre of virus in circulating blood. Thus we cannot 
be certain that all insects received the same -dose of virus. However, in the 
course of the experiment , on more than one occasion C. (Avaritia) sp . No . 5  fed 
on the same sheep at the same time as all the other Species s o  the results at 
least indfcate that C. ( Avaritia) sp . No . 5  i s  more readily infected than ttie 
other species,  while C. actoni and C. brevitarsis must be considered more 
susceptible than the balanc-e-.-- -
On the evidence available , it cannot be said that none of the other spec­
ies would become infected if fed on higher concentrations of virus. This 
opens another field of investigation. Luedke (1969b) has demonstrated that 
Warhill sheep and Hereford cattle have comparable titres when inoculated with 
the same Wyoming strain of bluetongue virus. This may not necessarily apply 
to Australian cattle and sheep or to Bluetongue type 20 , while the Asian Water 
Buffalo ( Bubalus buba lis) may be different again . Should it be shown to 
circulate virus at levels significantly higher than those in sheep or cattle , 
a further series of screening experiments would be required as these animals 
are a significant component of the fauna of the 11Top end" of the Northern 
Territory. 
The next step in the search for a vector was to test those species found 
positive in the 1978 series for their ability to transmit virus from sheep to 
sheep . These experiments were undertaken in March/Ap ril/May 1979 when insects 
\-.'ere available . The feral pig pens at the CSIRO Division of Wi ldlife, Darwin, 
were modified to provide arthropod-prnof accommodation for the proj ect .  
The experiments outlined (Figure 2)  were performed as a j oint Hdlaster/ 
Long Pocket venture . The target species , C. actoni , C. (Ava ri tia) sp . No . 5 ,  
� 0::e· tital_·si3 , f.:: peregri�lUS , f.:. schultzd, f.:. S..!zlikii and f.:. brevipalpis. 
were removed from the collections and fed on viraemic sheep . Blood-fed in­
sects were removed , sorted -to species , and held in an incubator at 27°C for 10 
days . They were then exposed on susceptible sheep . After exposure the 
insects were examined to confirm species identification and those which had 
fed were removed and processed separately from the unfed Culicoide s .  
Sheep exposed to infected inse�ts were bled daily and a post mortem 
examination was conducted 21 or more days after exposure.  
The total  number o f  Culicoides collected during the project is not known , 
as a technique was developed to separate active Culicoides from those damaged 
in the collection process . and for several months only Culicoides of the 
subgenus Avaritia were selected for feeding on infected sheep . The number of 
insects expo�on infected sheep was of the order of 130 , 000 . Of those 
13, 660 took a blood meal but only 1 , 360 survived the ten days incubation 
period arid only 209 took a second blood meal . Survival rates varied from 
species to species with � schultzei at 64% and f.:. brevita rsis at 5% repre­
senting the extremes of the range . 
The insect material from this experiment is being processed . The results 
of virus isolations and se rology of recipient sheep are listed in Table 3. C .  
(Ava ritia) sp . No .  5 was the only species ¥.'hich transmitted the virus frOID 
sheep to sheep . Virus was isolated from 1 sheep 14 days after 4 insects fed 
on it whi l e  it was not isolated from the second sheep until 21 days after ex­
posure . I n  this case the sheep was exposed on consec.utive days to fir:st 3 C .  
(�) s p .  No . 5 and then on the second day to l .  None o f  the insects 
-
· · ·-·.� 
24.  




Sununary o f  results of transmission experiments ; Darwin 1979 _ 
Culicoides Number Insects Virus of sheep 
No . Fed No . Exposed Isolations Antibody 
c .  (Ava ritia) N o . 5  2 4(4)<' 40 2/2t 2/2 
h actoni 2 10(6) 7 8  0 / 2  0/2 
C .  brevita rsis 8 11(6)  249 0/2 0/2 
C .  12e rcgrinus '.3 126 (116) 304 0/2 0/2 
c.  s ch.u l tzei  2 6 ( 1 3 )  129 0/2 0/2 
C .  suzukii 8 (8 )  189 0/2 0/2 - ----
f.:_ ��vipa lpis 3 1 1 ( 10 )  176 0/2 0/2 
.. Greatest nuwbt:r o f  insects fed on ;;.ny one sheep . 
R a t i o  of pos i t ive sheep to number of sheep c:·:p osed . 
25 . 
l�ontained visible blood after exposure but apparently infected the sheep by 
probing. Both sheep developed neutralis ing antibody to CSIR019 virus . 
The effect of higher doses of virus and longer incubation periods on the 
ability of a l l  of these species to transmit virus has yet to be investigated . 
The next speaker will  deal with the detailed distribution of suspected 
vectors in both space and time, and the correlation between antibody and 
insect distributions , so these will not be discussed here other than to say 
that except for C. brevitarsis ao.d C. actoni they have not been reCorded south 
of 19° south latitude and both � ;ctoni and f..:_ (Ava ritia )  sp. No . 5  appear to 
be restricted to areas with rainfalls in excess of 1000 nun per annum. 
Figure 3 
i 
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Figure 3 .  Northern Territory showing distribution of bluetongue antibody and 
1000 rrun rainfall isohyets. 
The map (Figure 3)  shows the results of the serological survey of the 
Northern Territory made in late 1977 and early 1978 (St .George unpublished) 
Whi le the properties with high antibody rates are all  north o f  the 1000 rrun 
isohyet, of the 31 positive properties which lie south of this line , only l 
had a rate greater than 25%, while �orne low incidence properties extend into 
the 500 rrun rainfall belt .  This would appear to exclude , as vectors , insects 
restricted to high rainfall a rea s .  Howeve r ,  the anima l s  bled in the survey 
''ere in the main over 1 year o l d .  When the rainfall for the years of their 
life were examined (Figure 4) it was apparent that the wet seasons 7 3 / 7 4 ,  
74/75 , 75/76  and 7 6 / 7 7  were considerably v.'etter than average a n d  the 1 0 0 0  mm 
isohyet for this four year period is south of a l l  the positive properties in 
the survey It would appear that during the long wet period , either the in­
sects extended their range into areas that were formerly too dry to support 
them or that sma l l  local populations restricted to specialised habitats were 
able to expand to a level t-•here transmission ,.,�as possib le . 
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It is interesting to note that during the d r y  7 7 / 7 8  season when great 
difficulty was experienced in obtaining insects for sc reening experiment s ,  no 
virus activity was detected , while in the wette r: ,  but s t i l l  lower than average 
season 7 8 / 79 & the activity appears to have been restricted to areas with a 
rainfal l  in excess of 1000 rrun. The results of the 7 7 / 7 8  serological survey 
are compatible with the hypothesis that the virus is transmitted by a vector 
or vectors restricted to areas with a minimum annual rainfall greater than 
1000 mm .  
When those species l i kely t o  have been in the original pool from which 
the virus was isolated in tissue culture (Table 1) a re considered in the light 
o f  the results of the 1 9 7 8 / 7 9  experiments , the f o l l o w i ng becomes apparent : -
� bundyensis - no i s o l a t i o n  o f  vi rus was made from 1 , 363 insects fed on 
viraemic sheep s o  it i s  unli kely that the virus came from this insect. C. 
marksi - no isolation was made from 1 ,  761  insects so it is equally unlikelY 
that the virus came from � marks i .  � peregrinus - a lthough virus was iso­
lated from sheep whi ch had been inoculated with a homogenate of 1817 insects 
which had fed o n  a viraemic sheep , no i s o la ti on '...' as  made in tissue culture so 
it is unlikely that the smal l  number in the positive pool provided an isolate 
in tissue culture. C.  actoni - one isolation was made in tissue culture from 47 
insects and the is013te came from a pool o f  8 insects , so o n  these results 
this species cannot be discarded. C. brevitarsis - 3 isolations were made 
from 318 insect s ,  1 from a pool o£9 Culicoides so o n  this evidence this 
insect must be suspect a s  a possible source of the original virus . C. schult­
zei - results for this insect were similar to those fo r £.:. peregr:inuSSOi't 
can be discarde d ;  C .  (Ava ritia ) s p .  No . 5  - 5 isolates were made from 5 pools 
of this insect andon two occasions isolates have been made from individual 
insects , so i t  is possible that this insect was the source o f  the isolate in 
the positive pool ; � suzukii and L brevipa lpis - attempts to isolate virus 
in BHK21 cells from insects exposed on viraemic sheep have been unsuccessful 
so it seems unlikely that these species were the source o f  the original iso­
late.  
WET SEASON 
Figure 4 .  Mean Rainfall July to June for 20 Stations North of 20°S La t .  
The results for the six species known t o  support virus multiplication are 
summa rised in Table 4 .  I t  will be noted that according to the WHO c l a s s i f i ca -
� A rb o v i r u s  Symp o s i um 
c .  
c .  
c .  
c .  
c .  
c .  
(Ava r i t i a ) 
a c toni  
b revi tars  i s 
p e regr i nus 
s c hul t z e i  
s uzuki i 
N o . 5  
V i r u s  f rom 
wild  c a ught 
i n s e c t s  
2 7 . 
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? On evi d e n c e  ava i l able the s e  s p e c i e s  c a nnot b e  c l a s s i f i e d  a s  nega t ive . 
w'HO 
C l a s s i f ­
i c a t i o n  
Sus p e c t e d  
S u s p e c t e d  
S u s p e c t ed 
S uspe c ted 
S u s p e c t e d  
S u s p e cted 
t i o n  (Anon 1�67 ) a l l  a re c l a s s i f i e d  e qua l ly as s u s p e c t e d  ve c t o r s  d e s p i t e  the 
f a c t  tha t one C .  ( Ava r i t i a ) sp . No . 5 has b e en s hown to t ra n s m i t  the vi rus 
f rom she ep to s h e ep . While  the w'HO c la s s i f i cation r e qui r e s  the r e c o v e ry o f  
v i rus  from w i l d - c a u ght s p e c im e n s  free  f r o m  non-vi s ib l e  b l o o d , thi s would n o t  
i n  a ny way conf i rm the v e c t o r s t a tu s  of C .  (Ava rit i a )  s p . No . 5 .  It  ha s b e en 
s hmm tha t 1. t  c a n  b e  i n f e c t e d  by f e e d ing o n  a n  i n f e c t e d  ho s t , tha t i t  can 
t r a n smi t vi rus , tha t it  wa s p r e s e n t  whe n  the vi r u s  'v.'a s  being t ransmitted  i n  
the Be a t r i c e  H i l l  h e r d  (Dy c e , A . L . , S t a nd f a s t , H . A .  and  t-1ul l e r , M . J .  unpub ­
l i s h e d )  a nd tha t it  fe e d s  o n  c a t t l e  ( Mu l l e r  a nd t1u r ray unpub l i s hed ) .  An 
i s o l a tion o f  v i ru s  wo u l d  n o t  p r ove tha t it l iv e s  l o ng e n o u g h  in na t u r e  to 
t r a n sm i t  the v i ru s , a s  it h a s  been  shown (Ne l lo r  et a l . l 9 7 L+ )  tha t Cu1 i co i d e s  
c o n t a i n  s i gni f i c a n t  a m o u n t s  o f  v i r u s  2 t o  3 days a f t e r  i n f e ct i o n  b u t  a re 
unab l e  t o  t r a n s m i t  unt i l  8 t o  1 0  d a y s  a f t e r  i n f e c t i o n . The f i n a l  p roo f w o u l d  
b e  to d e m o n s t ra t e  t r a ns m i s s i o n  b y  fe e d i n g  w i l d  c a u ght C .  (Ava r i t i a )  s p . No . 5  
o n  s u s c e p t ib l e  ho s t  anima l s  a s  s o o n  a s  p o s s ib l e  a f t e rc ap t u r e  thus s ho1v i n g  
tha t i n f e c t e d  i n s e c t s o c c u r  i n  w i l d  p o p u l a t i o n s  a nd s urvive l o ng e n o ugh in  
na ture t o  t ra n s m i t the v i rus . 
I n  c o n c l u s i o n  the r e  i s  c onvi n c i n g  ev i d e n c e  tha t C .  ( Ava r i t i a ) sp . No . 5  i s  
a ve c to r  o f  C S IRi.J 1 9  vi rus (b l ue t o ngue V H U S ' . s e r otyp e 20 ) i n  the No r thern 
Te r r i t o ry but t h e r e  i s  n o t  e n o ugh e v i d e n c e  t o  e x c l u d e  a numb e r o f  o the r s p e c ­
i e s . 
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C U L I CO I DES B R E V I T A R S I S  ( D I PT E R A :  C ERATOPOGO N I DA E )  
A S  A VECTOR O F  A R B O V I R U S E S  I N  AUSTRAL I A  
BY  
M.J .  MULLER, H .A .  STANDFAST, T .D.  ST .GEORGE and  D.H . CYBJNSKJ 
This paper was written by me to review the present perspectives on the 
most important vector of arbovi ruses i nfecting  cattle  i n  austral i a .  -The 
v i rol ogi cal and serol ogical data provi ded by Miss Cybi nski  and Mr . 
St .George was an essential  part of the revi ew . 
I agree wi th  the statement made 
lt.cU_i) �  �:j :  Mul ler  (Author ) 
by Mr . Mul l e r .  
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CULICOIDES BREVJTARSJS (OIPTERA: CERATOPOGONIOAE) AS A 
VECTOR OF ARBOVIRUSES IN AUSTRALIA 
M. J. MuLLER, H. A. STA�DFAST, T. D. ST. GEORG£ and D. H. CvBJSSKI 
CSJRO, Di v i s i on o f  Tropi cal Animal Science , Long Pocket Laborat or i es ,  
P .B . No .  3 ,  Jndooroop i l l y ,  Bri sbane , Ql d 4068 , Austral i a  
Cul i coides (Avari t i a )  brevitar s i s  i s  a biti n g  mi dge o f  the Dipteran fami l y  
Ceratopogon1 dae . It 1 s i nt 1 mate 1 y associ a ted with 1 i vestock and i s  a 
potenti al vector of several arbovi r uses of l i vestock. In common with other 
blood-s ucki ng  Oipter a ,  adult femal es require a meal of  vertebrate bl ood before 
they can produce eggs whi ch are l a i d  i n  dung of l ar ge herbi vores (Cannon and 
Reye , 1966 ) .  At Samford on the o ut s k i rts of  Bris bane and at Peachester 100 km 
north of Bri sbane C .  brev itars i s  has been taken attacki ng catt le  and horses at 
rates of up to 5 , 000  wsects from one ani mal in one hour ( Standfast and Dyce , 
1968; Mul ler , unpubl i shed ) .  It 11i l l  a l so feed on sheep ( Mul ler and Hurray , 
197 7 )  buffa lo  and very rarely on mars upi al s  (Mul ler  et al . ,  1981 ) .  In summer 
the generat i on t i me  is of the order of 14 day:; . 
- --
The di str i buti on o f  the i nsect i n  Austra l i a  has been monitored only  i n  
the l ast 15-20 years ><hi l a the broad extent of its  d i str i b ut i on i n  South-East 
Asi a  and the Paci fie has on l;  recent ly  been recogn i s�d  (Dyce , 1982 ) .  In 
Austral i a  we h a ve used mini ature l i 9ht traps at var i ous sit·" across the 
con t i nr·n t op�rct ted by prope rty o·.-;ne rs and 
Terri t o ry Governiil2nt officers to obtain 
I n sec t s a r e co 11 e c ted i n to 7 n ;·. a 1 coho l and 
tories for sortinQ and identification. 
Figure 1. 
S'i' ·,·10 :� i t:;il 
_�:-.. --- - ·---
manJ�ers, C1nd State and r:orthern 
a picture of the distribution. 
despatched to Long Pocket Labor a-
Collection sites are shown in 
Also shown in Figure 1 is a line indi cat i ng the distri bution of C. brevi­
tarsis v1hich is found to the north and east of the line. Th2 line lS not 
denved solely fro:n the miniature ligh� trap collections but also cowes fro:n 
records gathered mainly by t·I.D. i·iurray and A.L. Dyce of the CSIRO Division of 
Animal Health Ulurray, 1975). A dip in the line includes t he Alice Springs 
area of central Australia. Until 1976 it \·ras not real ised that C. brevitarsis 
extended this far south in the Northern Te rri tory� Hm·1ever ant 1 bod 1 es to 
Akabane virus, which had been isolated from C. brev itarsis ( Doherty et al., 
1972), \·Jere found in sentinel·cattle at Alice Spnngs. l-/hen light trapcOIT­
ections \-lere made in the area shortly after the sera-conversions C. brevi­
tarsis \•laS present at that time. f·lore recently in Narch 1980 C. brevitars1s 
\'las found in t\·ro·light trap collections from �·i lcannia on the Da-rTing R1ver 1n 
western N.S.W. It is alm6st certain that this line represents an approximate 
bounda ry around which the insect's di stribu tion oscillates d ependi ng probably 
on seasonal condit ions. 
Hithin this distribution number·s of C. b revitarsis vary throughout th� 
seasons. On the north-•.·:estern slopes of N.SJ·l.> there is a steady rise to a 
peak in autumn before apparent disappearance of the adults in the cold winter 
. . . :• 
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Figu1�· 1. Li9tlt trap collection sites in 1 CulicoL�es hrevita.�sis. 
re ation to the distribution of 
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months. At Samford, adults are present in 1 ow numbers throughout the winter 
but the po;Julation can build up rapidly in the s�ring and remain high until 
autumn. In the Flinders River Basin in central northern Queensland, C. brevi­
tarsi s peaks in the spring at the end of the dry season, and this peak coin-
Table L Viruses isolated from Culicoides in Australia. 
C. brevitarsis 
Ai no, Aka bane, D' AgUl 1 ar, Oougl as, 
Peaton, Tibrogargan, Tinaroo, CSIRO 11, 
CSIRO 58, CSIRO 157, CSIRO 753 
C. marks i 
Eubenangee gp., Valla], Warrego, Belmont, 
Mudjinbarry, Leanyer, Parker's Farm 
C. dycei 
WalraT, Warrego 




cides with sera-conversions to Akabane virus in cattle. At Kimbolton Station 
and Kalumburu Mission in the Kimberley region, and at Beatrice Hill near 
Darwin C. brevitarsis has been collected throughout the year. At Beatrice 
Hill continuous collections for 18 months showed that C. brevitarsis has a 
slight peak at the end of the �t season (Dyce and Standfast, 1979). 
The importance of C. brevitarsis as an arbovirus vector in Australia can 
be seen from Table 1. Of the 19 viruses isolated from Culicoides, 11 have 
come from C. brevitarsi s. In the last 15 years some hundreds of thousands of 
C. brevitarsis have Seen processed to yield a con�iderable numl)er of isola­
tlons of these 11 viruses, mostly in the Simbu and Palyam groups. All of the 
viruses isolated from C. brevitarsis except Aino and Tibrogargan have also 
been isolated from cattle blood. Antibodies to these viruses are widely 
distributed in cattle, buffalo, sheep and to some extent horses, while they 
are virtually absent from marsupials (Table 2). This antibody distribution 
mirrors exactly the known feeding habits of C. brevitarsis already men­
tioned. The significant antibody levels to these viruses in deer and goats 
indicate that C. brevitarsis feeds readily on these hosts. C. brevitarsis 
does feed readfrY on horses but it appears that this host is not as suscept­
ible to some of these viruses as are bovids. It is interesting to contrast 
the results for C. brevitarsis with those for C. marksi which has been the 
source of a number of orbivirus isolations. C.marksi feeds readily on mar­
supials as well as other mammals (Muller et al�1981) and antibodies to these 
orbiviruses are common in marsupials. �---nave been able to experimentally 
infect C. brevitarsis with the 3 bluetongue viruses CSIRO 19, CSIRO 154 and 
CSIRO 156, but have been unable to infect C. marksi with any of these viruses. 
To date � have been unab 1 e to induce � brevi tarsi s to feed through any 
nembrane despite the fact that over the 1 ast 12 years a wide variety of J'er;]­
t.ranes, e�uipment, light regimes and phago-sti1 ulants hav2 been tri�d. 111is 
m�y be due to the small size of the insect's mouthparts v1hich are on ·.he 
average only 0. 13rnm long. However the development of a :nethod of feeding c. 
brevi tars is on the vertebrate host (Nullf�r, 1979) ha:; enabled the insect to be 
used extensively in experimental fe=ding on sheep and cattle inocula.ted �·lith 
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bluetong�re virJses. Table 3 shows the results of processing of midges, which 
had been fed on vi raernic sheep and cattle and held from 7 to 14 days before 
processing in baby hamster kidney tissue cultures. Some insects were used 
unsuccessfully in atternpts to transmit virus to clean sheep by feeding. The 
infection rate for C. brevitarsis with all 3 strains is extremely low, and for 
CSIRO 19 there isno appreciable difference in the infection rate between 
those insects which fed on sheep and those which fed on cattle. As yet there 
has been no opportunity to feed insects on catt 1 e infected with other Blue­
tongue group viruses. The results for CSIRO 156 sheep show that the process­
ing system �t:as capable of isolating virus from an individual insect - 350 of 
the 27 43 \-Jere processed i ndi vi dually and one of these produced the single 
isolation. It is interesting to note that virus could not be isolated from 14 
pools of 25 C. brevitarsis harvested immediately after feeding on CSIRO 19 
catt 1 e which were shown to be vi raemi c on the day of feeding. However the 4 
isolations from insects which fed on cattle came from pools of insects which 
were fed at the same time as those in the 14 pools but were then held for 7-10 
days, so in that period, when midges did become infected, the virus multiplied 
to a level which could be detected by the tissue culture system in pools of a 
similar size. 
Table 2. Distribution of antibodies to viruses iso'lated frorn C. brevitarsis 
and C. marksi. 
Virus No. of Neutralising antibody present 
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Table 3. Infection of c. brevitarsis with bluetongue vir uses by feeding on 
sheep and cattle. 
Virus serotype /host CSIRO 19/ CSIRO 19/ CSIRO 154/ CSIRO 156/ 
sheep cattle sheep sheep 
.. 
No. insects processed 962 2071 4544 2743 
No. of pools 60 72 176 93 
No. of isolations 4 4 7 1 
Infection rate 0.3% 0.2% 0.2% <0.1% 
Virus titres in the cattle were low, of the order of 2 logs TCio50;ml as determined in baby hamster kidney tissue cultures. Virus \'ihich is present at 
such low levels in the vertebrate host may not readily be taken up by an 
insect as tiny as C. brevitarsis. On the other hand the insect may become 
infected with a lower level of virus than we are capable of measuring with a 
tissue culture system. The innate s uscept i bil ity of the insect to the vir us, 
together with low titre in the vertebrate host and the small volurre of blood 
taken by the insect most likely influence the very low bluetongue infection 
rates shown for C. brevitarsis. 
Attempts have been made to estimate the volume of blood which an individ­
ual C. brevitarsis will take in a single blood meal. In the laboratory C. 
brevffarsis will not feed on blood from pads or through a membrane, but midges 
which have freshly emerged from cow dung will feed avidly on a 10% solution of 
sucrose. A blood meal normally fills the midgut of the insect and a sugar 
meal normally fills the crop. However an engorged crop wi 11 fi 11 the abdomen 
virtually to the same extent as an engorged midgut. By labelling sucrose with 
radioactive sodium iodide it is possible to measure the volur-e of the meal 
taken by a single C. brevitarsis as being in the order of 0.03lJl. In other 
words approximately30, 000 fully fed C. brevitarsis take from the host only 1 
ml of blood. C. brevitarsis is a very small insect, with an average wing 
length of lmm. -
Knowledge of in feet ion rates a 1 1  ows some predictions to be made about 
tra·nsmission cycles. For example Table 4 shows a scherre for transmission of 
bluetongue by C. brevitarsis in a herd of cattle. If 10% of the group are 
viraemic when the insect feeds, if the insect has an infection rate of 0.3%, 
if the probability of the insect surviving 12 days is 0.14, where 12 days is a 
presumed necessary incubation period before transmission can occur, and if 65% 
of the cattle available for transmission are susceptible, then to provide 1 
insect which will transmit the virus 12 days after the infection feed requires 
35, 670 to feed on each animal in the herd. This assumes that the transmission 
rate is equal to the infection rate, but if it is less then even more insects 
would be required. It is possible for such high attack rates to occur in the 
dairying areas of south-east Queensland for example, where stocking rates are 
high. W= know that bluetongue viruses have moved through cattle in the 
Samford valley on the outsk-irts of Brisbane where C. brevitarsis is very 
abundant for up to 6 months of the year. Hov1ever attack rates of this magni _ 
tude are highly unlikely in open range country where cattle concentrations are 
much lower. The viraemia and susceptibility figures in this example are 
derived_ from the passage_ of �lu��ongu� virus through a herd being hled at weekly 1ntervals at Beatnce H1ll 1n the :iorthern Territory. 
!JO 
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Tabl� 4. A hypothetical scheme for transmission of bluetongue virus by _s_ 
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9z 1 day : 0.85 
Surv1v1ng 12 days : 0.85 = 0. 14 
0.3% Infection rate 







Finally, if we take an overall view of C. brevitarsis as an arbovirus 
vector in Australia, a pattern emerges in the 1nsect-virus-host cycle. Since 
C. brevitarsis breeds only in dung of introduced herbivores, it is logical to 
assume that it was not present in Australia before the introduction of these 
animals within the last 200 years. Antibodies to the ten viruses which have 
been isolated frorn C. brevitarsis are found only in the large herbivores and 
not in the native marsupials (Table 2). On the other hand antibodies to the 
viruses which have been isolated from C. marksi, a native Austral ian insect, 
are found frequently in marsupials andonly rarely in the introduced herbi­
vores. It appears that there is one system of an introduced insect transmitt­
ing possibly introduced viruses in introduced hosts, and another parallel 
system of a native insect cycling native viruses in native hosts. 
Of the viruses which have been isolated from field-caught C. brevitarsis, 
Akabane is the only one which has been shown experimentally-to cause any 
disease or pathological change in livestock (Parsonson et al., 198 1), but it 
is also the only one whicn has been studied with any thuroUghness. The name 
brevitarsis means small foot, but the impact of those little feet on livestock 
in Australia may yet prove to be substantial. 
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Pri vate Bag No . 3 ,  P . O . , lndoor'oopi l l y ,  Br i s bane , Queens l and,  
AUSTRAL !A 4068 
After the di scovery i n  October 1977 that b l uetongue vi r us {serotype 20) 
was present i n  Austra l i a  (St , Geor ge et al . ,  1978) a n ati onwi de serological 
survey was mounted to determi ne the geograpmcal distri but i on o f  antibodies to 
thi s  v irus (St . George et 'll . ,  197 9 ) ,  Al so , retrospecti ve e xamination of 
stored sera was made todetermi ne how l on g  bl u�tongue virus {BLU) had been 
present in Austral i a .  t1ost of this  retrospecti ve sur vey was carried out on 
sera accumul ated i n  a sentine l  herd scheme , which cor001enced i n  1969 {St.George 
1g8o ) .  The serol ogi cal tests used were of two types , the serotype 20 specific 
neutral i sati on test and the broader react i n g  bl uetongue group tests, 
comp l ement fi xat i on and agar gel precip i t i n  di ffusion tests {Della-Porta ,  
1g79 ) ,  Evi dence o f  bl uetongue group anti body was found i n  sera col lected i n  
1957 , but neutral i si n g  anti bodies to BLU serotype 20 not ear l i er than 1g73 . 
The l i mi t  of bl uetongue vi r us serotype 20 di stri but i on Has 1-re l l  clear of 
the Austra l i an sheep pop ul at i on ,  but the group antibodies were more rel ated to 
the di stri but i on of the i meortant potent i al vector Cul i coi des brevitarsis 
(Hul l er !�:_ �1_:_, 1982) >1hi ch d id  occur in 'reas w i th sheep . AccorJwgly , a search �<as mou-1ted , for addi t i onal  BLU v iruses to account for this  ant i body. 
The CSIRO faces of the search was based oo n i ne of the senti nel herds in cooperat i on \·lith state departmenta l  offi cers . The l ocat i on of those i n the Northern Territory are sh01·m by Gard and 3ai nbri dge ( 1982 ) .  The technique used w�� to ble�d healthy sent i ne l  ca t t l e for virus c u l t ure , v�ee k l y ,  or twlce v�ezk1y 1n the l tttter part of summer . 
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Resu l t s  and Di scuss i on 
Bl uetongue Vi ruses : Bl uetongue v i ruses, serotypes 1 and 21 (St. George et a l . ,  1980; Della-Porta et al . ,  1981 ; B.  Erasmus ,  Onderstepoort , personal commUriT­
cati on ) ,  were i solatea from heal thy senti nel catt l e ,  and once from C .  
Avar i t i a )  sp. undescr .  No . 5 ,  as shown i n  Tab l e  1 .  The serol ogy i n  these 
er s o orig i n ,  Beatri ce Hi l l  and •Tort i 1 1  a Fl ats , Northern Terri tory , showed 
that these vi ruses were much more acti ve there than the few v i rus i so 1 at i on s  
in  Tab le  1 suggest. 
Tab le  1 .  Isol at ions  of Bl uetongue Vi rus in Austra l i a  
No. of 
Vi rus Serotype Ori g i n  Year 
Isol ates 
CSIRO 19 20 Cu l i coides 1 1975 
CSIRO 154 21 Blood 1 1979 
1 1980 
3 1981 
CSIRO 156 s_� No. 1 1979 
ood 7 1979 
5 1980 
5 1981 
These new serotypes were immediate 1 y appl i ed to the ex ami nat i on of excess 
AGDP react i ng sera . Whi l e  these new tests expl a i ned many of the react ions ,  a 
substant ia l  di screpancy rema i ned , part i cu l arly  i n  surveys of the catt le  i n  the 
north-west of Western Austra l i a  (84% of 1952 sera [1 Jan 1978 - 30 June I979] 
and 37% of 382 sera [ 1  July 1979 and 1 October 1980] ) (Smi th et al . ,  1981 ) .  
Al ternati ves therefore rema i n ,  e i ther addi tional b l uetongue v1russerotypes 
exist in Austra l i a ,  or the anti bodi es detected are produced by other orb i ­
v i ruses, wi th common anti gen s .  
Bl uetongue Rel ated Vi ruses : It was argued from the fi rst weeks of the sero­
loglcal survey, that cross reactions coul d  occur. There are vari ous studies  
whi ch i ndi cated that thi s  was possi bl e ,  or even probab le  (Borden � al . ,  197 1 ;  
Gorman et al . ,  1979; Campbel l et a l . ,  1978 ) .  Al so ,  serol ogy conoucted at 
P i rbrightfi'Onl serum sampl es suppn eorrom Austra l i a  ( Snowdon , 1979) i ndi cated 
Ibaraki v i rus cou l d  be present in Austral i an catt l e ,  though no corresponding 
di sease was known . 
The Austral i an orbi v i rus groups are shown i n  Tab l e  2. 
Tabl e  2 .  Austra l i an Orb i vi ruses. 




Epi zooti c  Haemorrhagi c Oi sease of Oeer 
Members 
Serotypes 1, 20 , 21 
Eubenangee , Ti 1 1  i gerry 
O ' Agui l a r ,  3 unnamed 
5 serotypes? 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -




Wal l al ,  Mudj i nbarry 
Warrego, Mi tche l l  R i ver 
Corri part a 
Nugget 
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Of these groups, the Kemerovo group v irus does not occur on the mai nl and 
of Austral i a. Ecol ogi cal ev i dence presented Mul l er and Standfast { 1982), that 
the virus groups be l o ..J  the l i ne are not i mportant i n  i nfect i ons of catt le. 
The virus groups above the li ne, Eubenangee, Pal yam and EHD wi 1 1  be consi dered 
br i efl y, but only from fi el d evi dence. 
Pal yam Group Viruses : The Pal yam group vrruses known to be i n  Australi a are 
D 'Aguil ar ( Doherty et al . ,  1 972), and CSIRO 1 1, CSIRO 58 and CSIRO 82 class­
i fi ed by Cybi ns ki eta"�.: (1982) . CSIRO 82 has a restr i cted di str i but i on i n  
the far north of the-Northern Terr itor y, and i s  probab 1- y  assoc i  a ted wi th 
buffalo rather than cattle. Subcl in i cal vi raemi as wi th each of the other 
Pal yam group v iruses have been frequentl y  moni tored i n  sent inel  catt l e, > 100 
t i mes as a s i ngl e i nfect i on wi thout an associ ated bl uetongue group anti body 
seroconversi on, as measured by the agar gel prec i p i t i n  d i ffusi on { AGDP ) 
test. The questi on then ar i ses of the effect of sequent i al i nfecti ons with 
two or three Pal yam group v iruses. Infect i on wi th CSIRO 82 v irus does not 
occur i n  most of Austral i a  so i s  di sregarded. Th i s  l eaves three Pal yam 
v iruses whi ch can i nfect cattl e  i n  var i ous sequences. No assoc i ated BLU AGDP 
seroconversi on fol l owed viraemi as after i nfect i on with four of the poss i b le  
s i x permutati ons of two serotypes and one of the si x permutati ons of three 
serotypes. Pal yam group vir uses were an attracti ve p ass i b i l i t y  because their 
i mportant suspected vector is C. brev itarsi s, but evi dence so far from the 
fi el d does not support their  hamg an i mportant role. 
Eubenangee Group Vi ruses : The presentati ons of Mul l er and Standfast (1 982) 
gi ve ecologi cal evidence agai nst Eubenangee group v iruses bei ng i mportant in  
i nfecti ons of Australi an cattle . However, Doherty et al . { 1970) repor·ted 
smal l numbers of pos it i ve cattle sera on the bas i s  ofa mouse neutrali sat i on 
test (3/94). In contrast, Cybi nski (unpubl i shed data) tested 284 cattle and 
89 sheep i n  a ti ssue culture neutrali sati on test wi thout fi nd i ng a posit i ve 
serum. Added to th i s, 1 93 deer sera wi th a h i gh {62%) b l uetongue AGDP reactor 
rate had no neutrali s i ng anti bodi es to four Eubenang�e group v iruses. The 
reason for usi ng four i so 1 ates was that there appears to be di versi ty i n  the 
Eubenan-gee "group " (e .g. CSIRO 23 appears to di ffer from the other three 
i so l ates held �Y CSIRO). 
· 
EHD  Group : At l east 36 Austral i an i sol ates are known wi th relati onsh i ps to 
Tfils group (St. George, unp ubl i shed data ; De 1 1  a -Porta, per son a 1 communi c ­
at i on). These i sol ates appear t o  segregate i nto fi ve serol ogi cal sub-groups 
based on CSIRO 157 (18), 439 (7), 753 (6), 775 (3) (St.Geor ge, unpubl i shed 
data ) and CPRS96 1A (Gard and Bai nbr i dge, 1 982) (2) as the type strai ns. Two 
strai ns of the serotypes represented by CSIRO 157 and 753 have been i sol ated 
from C. brev i  tars i s  and members of al l fi ve groups from healthy sent i nel 
catt le-(Table 3) .  
Tabl e  3. Ori gi n  of Austral i an EHD i sol ates . 
Total B. Hi l l  Tort i 1 1  a .  Vi et .  R. Kai r i  Peachester G ' f i el d 
Bl ood Bl ood Bl ood Bl ood Bl ood Insect Bl ood 
CSIRO 157 18 2* 3 12 1 
CSIRO 439 7 3* 3 1 
CSIRO 753 6 4* 2 
CSIRO 775 3 3* 
CPRS 96 1A  2 2* 
TOTAL 36 7 3 1 3 7 14 1 
* = Fi rst isol ate o f  the serotype i n c l uded i n  t h i s  group -
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The fi ve represent at i ve i s ol ates have been i n ocul ated  i nt o  fi ve s heep per  
i s o l ate and  p r oduced vi r aemi as and  homo l ogous neut r a l i s i n g ant i bodi es { Tabl e 
4 ) , but on l y  once a 1+ AGDP re act i on { CS I RO 7 53 ) . Two i s ol ates C S I RO 1 57 and  
CS I RO 7 53 ha ve been i n ocu l ated  i nt o  t wo catt l e ,  b ut no  p os i t i ve AGDP react i ons 
were gener at e d  i n  t hree mont h s , t hough vi raemi a and  h omo l o gous ne utra l i s i n g 
ant i body res u l ted . 
• 
The sent i ne l  her d  e vi dence i n  re l at i on t o  EHD gr oup vi r uses  and  s u bs e -
q ue nt de ve l op me nt o f  an AGDP ant i body i s  n ot c l ear c ut . There appears t o  be 
an  ass oc i ate d  AGDP seroc on vers i on fol l owi n g  CS I RO 157  vi raemi as i n  s ome catt l e  
b ut n ot most . · 
Tabl e 4 .  Aust ra l i an EHD gr oup vi r uses  i n ocu l ated  i nt o  s heep by i /v or i /d 
i n ject i on i n  i nsect p r oof i s o l at i on . 
Vi r us Cl i n i cal Si gns Vi raemi a { Av .  Days ) 
CS I RO 1 57 + 1 2  
CS I RO 439 8 
CS I RO 7 53  + 6 
CS I RO 7 7 5  3 
CPRS 961A + 8 
The fer al and  farm deer of s outh -east Queens  1 and are of i nt erest bec a us e  
o f  the as s oc i at i on of  E H D  wi th  di sease i n  deer  i n  North  Amer i ca .  Nat ura l  
i n fe ct i on of he a l t hy deer wi t h  each of t he EHD vi r uses i s  common ( Tabl e 5 ) . A 
s ur vey of  432 deer i n  s o ut h  east Queens l and  demonst r ated th i s . Ant i bodi es 
we re found to e ach ser otype i n  e xcess of t he t ot al percent a ge of ne ut r a l i s i n g 
ant i bodi es  t o  t he t hree kn own Austra  1 i an bl uet on g ue se r otypes . No con s i stent 
p attern i s  app arent when t he stren gt h  of t he bl ueton gue AGDP react i ons i n  
i n di v i dual  sera  of t he 49% bl uet on gue AGDP p os i t i ves  comp ared wi th  t he 
p resence or a bsence of neut r a l i s i n g  anti bodi es to  one , or up t o  fi ve EHD 
serotypes . 
Tab l e  5 .  A serol og i ca l  s ur vey of 432 re d deer fr om sout h -e ast  Queens l an d  for 
bl uet on g ue AGDP and ne ut r a l i s i n g ant i bodi es to Aust r a l i an bl uet on gue and E HD 
gr oup vi r uses  cond ucted  wi t h  Queens l an d  Dep artment of Pr i mary I n dust r i e s . 
C S I RO 1 5 7  
49  
% Bl ueton gue Ne utra l i s i n g  Ant i bodi es 
AGDP Ser otype 1 Ser otype 20 Ser otype 21 
49 2 0 11  
% EHD Gr o up Ne ut r a l i s i n g Ant i bodi es  
CS IRO  439 CS I RO 7 53 CS I RO 7 7 5  CPRS 961A  
1 9  45 44 30 
EHD gr oup vi r uses  coul d be i n vol ved  i n  the p r oduct i on of bl ueton gue AGDP 
react i ons i n  s ur vey sera  because of t he i r  app r o xi mate l y  s u i tab le  geographi c 
di s t r i but i on ,  p r obabl e  vect or ( C . bre vi tars i s ) ,  ab i l i ty t o  i n fect catt l e  i n  
n at ure , and  kn own ant i gen i c  re l at 1 onship to  bl uet on gue vi r uses . The case at 
p re s e nt i s  unpr o ven . No d i sease  has been a s s oci  a ted \>li th EHD vi r uses ; n 
Aust r a l i a  i n  catt l e , or deer . 
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Summat i on : of the four  Austra l i an orbi v i r us groups con s i de r e d
 as possibi l -
1 ties as accounti ng  for the b 1 uetongue gr oup react 1 ons 1 n sera 1 og1 c
a 1 tests on 
catt l e ,  or sheep or deer sera , other than those accounted for by the three 
known Austral i an bl uetongue serotypes , the vi r uses of the Eubenan.g
ee and 
Palyam groups seem to be very unl i ke l y  causes ; the EHD v1 ruses 1 n  f1 ve s�b­
groups i sol ated in Austr al i a  are poss i bl e  c a uses . but the ev1 dence 1s equi v­
ocal . The stron g possi bi l i ty exi sts that• other bl uetongue serotype . v1 r uses 
remain to be foun d ,  part i cul a r l y  when the ser o l o g 1 c a l  e v1 dence from Pl rbn ght 
{ Snowdon 1979)  that neutr a l i s i n g  anti bodi es to other bl uetongue serotypes 
....,re fou� d .  Th� p l ace to l ook for these vi r uses most eco.nomi cal l y  i s  where 
the preval ence of anti bo dies  i n  catt l e  i s  h i ghest , that i s ,  the northern part 
of the Northern Ter r i tory and the Ki mber ley r e g 1 on of 1-lestern Austr a l i a .  The 
t i me to look i s  l ate s ummer , that i s ,  i n  the l atter part o f  the ""t season . 
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THE SEARCH FOR BLUETONGUE VIRUSES IN AUSTRALIA  
SUMMARY 
T .D .  St.  George 
Co1m1onwealth Scient if ic  and Industri al Research Organization, 
Di v i si on of  Tropical Animal Science, Pri vate Bag No. 3 .  P .O . , 
lndooroopi l ly ,  Queensland 4068, Austra l i a .  
In  t h e  200 years that cattl e  and sheep have been present i n  
Austral i a  n o  evi dence of b 1 uetongue di sease has ever been reported. The 
discovery in 1977 that a vi rus i sol ated from Cul i coides species 
col l ected in 1975 was bl uetongue (BLU ) v i rus tri ggered a search for 
b 1 uetongue vi ruses and the i r  vectors throughout the country-
Between 1975 and 1983, 46 strai ns of 5 serotypes of BLU v i rus were 
i sol ated by vari ous workers from the blood of subc l i nically i nfected 
sentinel cattle or from Cul i coi des spec ies .  The serotypes are 1, 20, 21 
and two others not yet fu l l y  characterized. By testi ng stored sera from 
cattl e  and buff a 1 oes . antibodies to serotypes 21 were found in sera 
col l ected in 1958, but antibodies to serotypes 20 and 1 were not found 
earl ier  than 1973 and 1969 respecti vely. Di screpancies between the 
results of BLU group anti body and neutra l i z i ng anti body surveys i ndi cate 
that other serotypes may yet be found. Neutral i z i ng anti bodies to BLU 
vi rus have been found in cattle,  buff a 1 oes , deer, goats and sheep. but 
mammals i ndi genous to Austral i a  are apparently not bei ng i nfected. In 
the course of  the search, Ibaraki vi rus and 4 other vi ruses of the 
epizooti c  haemorrhagi c di sease (EHO) group were found. I nfecti on with 
EHD vi ruses has produced heterotypic ant i bodies detected in tests for 
BLU group ant ibodies. The prevalence of antibodies to BLU and EHO 
vi ruses in cattle is greater in the northern thi rd of the conti nent than 
the midd l e  th i rd whi l e  the southernmost thi rd is free. By the 
sequenti a l  sampl i ng  of sentinel cattle it has been determined that 
i nfect ion with BLU and EHD vi ruses occurs mai n ly in the l atter part of 
surr111er, and autumn. The seasons of the year, and the l ocati ons from 
whi ch BLU and EHD vi ruses origi nated were consi stent w ith the 
serological f i ndi ngs. 
I so lat ions of BLU and EHD vi ruses have also been made from i nsect 
vectors, BLU serotype 1 from C. fu l vus and C. brevitars is ,  p l us serotype 
20 from a mixed poo 1 of Cul i cOTdes species and two different EHD vi ruses 
from c .  brevitars i s .  The suscept ib i l ity of other Cu l i coides species to 
exper1menta 1 1 nfect i on with BLU and EHD vi ruses suggests that they may 
be i nvo 1 ved i n  the natura 1 spread of these vi ruses. 
BLU and EHD v i  ruses appear to be non-pathogenic for catt 1 e under 
experimenta 1 condi t i ons ,  but mi 1 dly or moderately pathogen ic  for 
sheep. The cl i n i cal s i gns produced are consi stent with those produced 
experimental l y  in other countries. 
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I NTROOUCTI ON 
The Austral i an conti nent was i sol ated from the rest of the world 
before the pl acental mallllla Is evol ved , though some species of rodents ,  
bats and  one  species of feral dog  i nvaded before European settlement. 
Domesti cated animal s f i rst arri ved in 1788, and the estab 1 i shment of 
various speci es of rumi nant s ,  i n  al l  except the desert areas of 
Austra l i a ,  was not compl ete unt i l  the l atter part of the 19th century.  
The  rumi nant speci es present i n  Austral i a  which coul d be i nfected with  
bl uetongue (BLU)  vi rus are catt le  (Bos taurus, B .  i ndi cus and  B .  
sonda i acus ) ,  water buffaloes, came l s ,dee-;:--or-8 species , sheep and 
goats .  
The poss i b i l i ty that bl uetongue vi rus mi ght i nvade Austra l i a ,  o r  
e l se  a I ready be present i n  sub-cl i ni  c a  1 form, was o ne  of the reasons 
that a veteri nary vi rol ogy unit  was estab 1 i shed in a CoiTillonwea l th 
Scient i f i c  Industr ia l  and Research Organization (CSIRO) l aboratory i n  
1958 (Gregory 1959 ) .  L i t t l e  was then known of the potential vectors i n  
Austral i a .  The estab l i shment o f  an entomol ogi cal group t o  determi ne 
what species of Cul i coides , were present i n  Austra l i a  soon fol l owed . 
Other cont i ngency plans were made and a sympos i um was hel d  to revi ew the 
preparat ions ( Var ious Authors 197 5 ) .  
A major project to determi ne t h e  vectors o f  bovine ephemeral fever 
was undertaken at Beatr i ce Hi l l  in the Northern Territory of Austra l i a  
1974-1976 (Standfast e t  a l . i n  press ) .  The procedures used for a rbovi rus 
i sol at ion  were mod i fi edduri ng the course of this i n vesti gat ion to 
enab le  bl uetongue vi rus to be i sol ated. The actual col l ection from 
which a BLU vi rus was i sol a ted,  was made between 27 and 31 March, 
1975. However, there was a del ay of 19 months before the i denti fication 
process was compl ete i n  October 1977 (R . E .  Shope personal 
communi cat ion ) ,  and the vi rus desi gnated CSIRO 19 was known to be a BLU 
v i rus (St . George et al . 1978 ) ,  and a further, but much shorter del ay ,  
before i t  was  ident i f i ed at The Wor ld  Reference Laboratory, 
Onderstepoort as BLU serotype 20 in early 1978. 
The p robl em posed was twofo ld .  F i rstly,  a 8LU v i rus of an 
i n i t i a l l y  unknown serotype, had been present in Austral i a  for at l east 
19 months and for an unknown time before that . The second problem was 
that the pool of Cul i coides from which the v i rus was i sol ated could have 
contained 1 2  d ifferent species , for some of which,  there was almost no 
i n formation on di stri bution or biol ogy. No cl i ni cal bl uetongue d i sease 
was known or suspected to occur in Austral i a  at that t i me or si nce, so 
the search for further BLU v i  ruses and thei r vectors had to start from 
f i rst pri nci p les .  
RESULTS 
Early serol ogi cal surveys based on stored sera d i sc losed that a 
greater proportion contai ned anti body to bl uetongue v i rus when the v i rus 
used a group anti gen in a compl ement f i xation (CF) test than when tested 
with the same vi rus used in a spec if ic  neutral i sation test. Th i s  CF 
anti body was detectable with ant i gens prepared from the f i rst Austral i an 
bl uetongue i sol ate and with BLU anti gen prepared in South Africa from 
South African BLU v i rus ( E . L .  French, unpbu l i shed data ) .  The early 
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results  hel ped to determi ne t he  l ocations at  whi ch t he  search for  BLU 
vi ruses should be commenced. 
The search for aditi onal vi ruses was conducted by CSIRO and the 
Departments of  Agri cul ture of vari ous Austra l i an states. Three major 
l i nes of i nvesti gation produced pos it i ve resu l t s .  These were as fol l ows 
for b 1 uetongue : -
I so lat i on of  BLU Vi ruses from Sentinel Catt le  
Heal thy senti nel cattl e  were b led at  approximately 23  s i tes i n  
northern and  eastern states i n  1978, but  this  number had fal l en to 4 by 
the summer of 1982-83. The b lood samples were mi xed with l i th i um 
hepari n as the anti coagul ant. Thi s anticoagulant was shown to be l ess  
damaging to BLU  vi rus i n  stored b 1 ood than  the  ox a 1 ate,  pheno 1 glycero 1 
mixture genera l l y  used. The bleed ing of sentinel catt le  was carried out 
in the middle to l ate summer and autumn. The l eucocyte fraction was 
cultured for vi rus in baby hamster k i dney cel l s ,  Aedes al bopi ctus t i ssue 
cul tures (St .George et al . 1978, 1980; Del l a-Porta 1979, 1982) or by 
some i nvesti gators (G-:P.Gard, I .R .  L itt lejohns, personal communication ) 
al so by the i ntravenous i nocu l at i on of embryonated eggs .  Some bl ood 
samp les were processed with i n  a day or two of col l ection. Others were 
he 1 d at 4 °C unt i 1 anti body to BLU vi rus was detected in the serum of a 
particu lar  senti nel cow. and only then were the samples from the 
relevant precedi ng b leeding dates were cul tured. A summary of 
bl uetongue vi rus i sol ati ons from the bl ood of heal thy sentinel cows is 
gi ven in Tabl e  1 .  No c l i n i cal s i gns attri butabl e to bluetongue di sease 
were observed in the cattle during the period they were experi enci ng a 
vi raemia with 8LU vi ruses . 
The BLU vi ruses i so 1 a ted from catt le  or i nsects were 
i ndi st i ngui shab 1 e from each other by immunofl uorescence but were 
separable i nto 5 serotypes by the use of hyperimmune rabbit antisera. or 
serum from experimenta l ly i n fected sheep. The i ncomp 1 ete cross 
neutra 1 i sat ion tests in  Tab 1 e 2 are the resul t of di fficulty of 
produci ng  an anti serum to DPP 192 in rabbi ts .  
Serol ogy 
Retrospecti ve serol ogy on the sentinel herd serum bank (St.George 
1980 ) ,  showed there was evi dence that cattle  and buffal oes were i nfected 
with 3 of the BLU serotypes prior to 1974, but so far no evidence of  
anti bodies to the  other two serotypes, DPP90, 192 before 1974  and  1982 
respect ively (Table 3 ) .  The retrospecti ve serology on DPP 90 and DPP 
192 is far from compl ete, but they certainly have a restri cted 
d i stribution in the far north of the Northern Terri tory of Austral i a .  
Serol ogy o n  sequenti al serum samples from sentinel herds showed that the 
prevalence of  i nfecti on with serotypes 1, 20 and 21 varied from year to 
year and that most i n fecti ons occurred i n  the l atter hal f  of  summer,  
January to May. The peak of act i v i ty of BLU serotype 20 between 1973 
and 1982 was i n  March-Apri l 1975,  the year the fi rst BLU vi rus was 
i sol ated. The techni que was only parti a l ly  successful in that an agent 
cou ld  not be recovered on many occasions when the sero 1 ogy i ndi cated 
that a BLU vi rus shou l d  have been present. 
I so l at i on of BLU vi ruses from i nsects .  An i ntensi ve col l ection of  
i nsects was  madeatseatrice HTil(l ati tude 12° 39 ' S ,  131°  20 ' E )  in the 
Northern Territory of  Austral i a  for 19 months from 1975 to 1979,  as 
described by Standfast � �· ( i n  pres s )  and aga i n  in 1978. 1979 and 
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1980. The origi nal , and  only i sol ate of BLU  serotype 20  was  from a pool 
of mixed Cul i coi des species made duri ng that project. There were 3 
i sol ati ons made of BLU serotype 1 ,  one from a s i ng le  C. ful vus col l ecterl 
at Beatrice Hi l l  and 2 others from two poo ls  ofZO-c:Drevitars i s  
co 1 1  ected i n  south-east Queensl and at  another senti ne  1 herds i te  i n  1983 
(Tabl e 1 ) , by methods descri bed by St.George � �· ( 1984 ) .  
I sol ation _Qf_ vi ruses of the epi zoot i c  haemorrhagi c di sease (EHD) 
.l!.':.Q!l.P.· The same 3 1 i nes of i nvesti gat 1 on produced vi ruses of the EHD serogroup, whi ch separate i nto 5 serogroups ,  and has determined some of 
the i r  epi demi o 1 ogy. The EHD vi ruses were, to some degree, a by-product 
of the search for BLU v i  ruses but at t imes were de 1 i berate ly  sought when 
apparently a noma 1 ous results in senti ne 1 herd sero 1 ogy detected by 
St.George and Littl ejohns (unpub l i shed data)  suggested that vi ral 
i nfecti ons other than BLU vi ruses were res pons i b 1 e for short-1 i ved BLU 
group anti bodies whi ch were detected by an agar gel di ffusion prec ip it in  
AGDP test .  In  a 1 1  , 93 i so 1 ates of EHD group vi ruses have been made from 
the bl ood of healthy senti nel cattle col l ected in 3 di fferent Austra l i an 
states and 14 from C. brevitarsi s ,  col l ected in Queens l and, as reported 
by St.George et al .\1984). A summary of the sources of these i sol ates 
is shown in Table4. 
Transmi ssion _Qf_ vi ruses .!2_ sheep and cattl e .  The c l i n i cal effects 
of all representati ve strai ns of each Of the BLU and EHD serotypes has 
been tested by the experimenta 1 i nocul at ion of sheep. A 1 1  5 BLU 
vi ruses ,  and 3 of the 5 EHD vi ruses, produced mi l d  to moderately severe 
c l i ni cal s i gns in sheep (Tables 5 and 6 ) .  None o f  these BLU or  EHD 
vi ruses tested has produced cl i ni  ca 1 effects in catt 1 e (BLU serotypes 1 ,  
20 and 2 1 ;  EHD serotypes Ibaraki , CSIRO 157 and CSIRO 753 ) .  
The S ign if icance of the Search Results  
The ori g i nal i sol ation of BLU vi rus from i nsects col l ected at  
Beatrice Hi l l  i n  1975  (St . George et al . 1978)  cou ld  be regarded as a 
random event, al though the methodo 1 ogy to i sol ate the v i rus was i n  
pl ace. From serologi cal evidence deri ved respecti vely from the senti nel 
herd serum bank,  the i nsects were col l ected at a time when BLU serotype 
20 was act i ve in the nearby sentinel cattle and buffaloes (St.George et 
al . 1978 ) .  Neutral i zat i on tests on sentinel cattl e  or buffaloes at tne 
same l ocation demonstrated that serotype ( 20 )  was not as prevalent i n  
t h e  2 summers prior to 1g75 when i t  was known to b e  present i n  the area , 
or i n  the years s i nce that time. 
The next two BLU serotypes to be di scovered, serotypes 1 and 2 1 ,  
have proved to be  more common i n  di stri but ion and prevalence. This 
greater preval ence is borne out by the greater number of i so lat ions ( 1 9  
o f  each )  and by serology. Serotype 1 has been i sol ated from catt le  and 
a lso  Cul i coi des , in the general area near the source of BLU serotype 20, 
and in Queensl and from s i tes 2 ,000 mi l es di stant . Thi s  BLU serotype is 
the only one to be associ ated so far with named species of C u l i coides 
(Tab 1 e 1 ) . Serotype 21 has been as commonly i so 1 a ted as serotype 1, and 
from s i tes in the Northern Territory, Queensl and and New South Wales , an 
even greater geographical spread of habi tats. 
The serotypes represented by DPP90 and DPP192 ( G . P .  Gard and D . H .  
Cybi n s k  i ,  unpub 1 i shed data )  have been i so 1 a ted only i n  the same area of 
the northern part of the Northern Territory as the ori g i nal vi ruses 
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taken a s  t he  Austral ian  type strains for  serotypes 1 ,  20  and 21 (Table 
1 ) .  Evidence from the serum bank has confi rmed that BLU vi rus of those 
serotypes i nfect catt l e .  but there is evidence to suggest that the most 
recently found serotypes have ei ther not been present for many years, or 
e l se ,  have a restricted di stri buti on. A more thorough retrospecti ve 
search may produce anti body evi dence of thei r presence at an  earl ier  
date. 
The question may be posed as to whether the area of h i gher 
prevalence, of  BLU vi ruses and rel ated vi ruses as i ndi cated by the 
accumul ated sero logy descri bed by Del l a  Porta et al . ( 1983 ) ,  in the far 
north of Austral i a ,  is genui ne, or is a productOf hi gher acti v i ty of 
vi rol ogi sts di rected at this area. There are 2 other areas on the east 
coast of  Queensl and , at Peachester and Kai ri , where a simi l ar i ntens i ty 
of effort has been appl i ed to senti nel herds . These s ites have yiel ded 
a rich harvest of arbovi ruses , both in di vers i ty and absol ute numbers 
(St .George et al . 1979, Cybinski  et al . 1980, Cybinski et al . 1982, 
Cybinski  andlakrzewski 1983 ) .  However-;-only 3 i sol ations Of BLU vi rus ,  
al l of  serotype 1 ,  have been made from bl ood or  i nsects col l ected at 
these 2 s ites in contrast to the 33 from 4 s i tes in the Northern 
Territory ,  Si nce the same i solation methods used i n  each area, the 
hi gher i so l at ion  rate of BLU are vi ruses in the Northern Territory is a 
genu i ne resu lt .  The serology on senti nel herds a lso  supports a h i gher 
prevalence of  BLU vi rus i n  this far northern area, than further south or 
east . 
An Austral i a-wide sero l ogi cal survey was carried out i n  1977 and 
1978. The resu l ts recorded by Del l a-Porta et al . ( 1983} showed that the 
area in which bl uetongue anti bodies occurred 1n the northern two-thi rds 
of the Austral i an continent. Al l the BLU vi ruses whi ch have been 
i sol ated come from the area where cattle  sera had anti bodies to the 
particular  serotype. 
The evidence deri ved from experimental i nocul at ion of very l i mited 
numbers of  catt le  held in i so l ation units . and the observation of many 
hundreds of sentinel catt le  during i nfection of herds with BLU vi ruses , 
is that al l 5 serotypes of BLU vi ruses produce vi raemia but no cl i ni cal 
effects . No natural bl uetongue di sease has been observed in sheep, but 
a 1 1  5 BLU serotypes produce i l l  ness consi stent with bl uetongue di sease 
(Table 3 and Uren and Squ i re 1982 ) .  However, no bl uetongue di sease has 
been found in the Austra l i an sheep fl ock. The ecol ogi cal reasons for 
the freedom of a l l  ruminant species in much of the Austral i an cant i nent , 
and v i rtual ly a l l  Austral ian sheep, from i nfection with BLU vi ruses and 
di sease are gi ven by Standfast � 2.!_. ( 1984 ) .  
The rol e of t h e  EHD vi ruses i s  l ess wel l studi ed a s  they were 
detected more recently.  Infections with these vi ruses has contri buted 
some fal se posit i ve reactions in BLU group sero logi cal tests .  EHD group 
vi ruses have been i so l ated from bl ood samples sel ected for culture on 
the bas i s  of a seroconversion of a sentinel cow to BLU AGDP or CF test , 
when a BLU vi rus might have been suspected to have been the respons ib le  
agent. The  cross-reacti v i ty between BLU  and other orbi vi ruses has  been 
d i scussed i n  workshops i n  2 other symposi a  (Del l a-Porta 1 979, 1982 } .  
There i s  no evidence that EHD group vi ruses have caused di sease i n  
cattle i n  Austra l i a  though one i s  a n  Ibaraki vi rus (St.George e t  al . 
1983 ) .  Ibaraki vi rus has caused lbaraki di sease i n  cattl e i nJapan 
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I t  i s  general ly accepted that a parasite that does n o  damage to i t s  
host h a s  the greatest survi val advantage. The BLU and EHD vi ruses have 
establ i shed in Austral i a  wi thout apparently harming the catt le ,  
buffal oes or the  deer they i nfect . BLU vi ruses have several a lternat i ve 
potential host-vector eye l es (Standfast et a 1 .  1984 ) .  The EHD vi ruses 
may a l so have s imi l ar cyc l es .  There i snoChance of el iminati ng these 
v i  ruses or other vectors from the Austra l i an cant i nent. The 
di stri buti on of BLU vi ruses in Austra l i a  was establ ished basi cal ly  by 
serological surveys i n  1977-79 (De l l a-Porta et al . 1983 ) and the newer 
vi rus di scoveries si nee then have rei nforced the confide nee i n  that 
general pattern rather than changing it. The essential  point for 
i nternal and external trade in l i vestock i s  not that Austral i a  has an 
area i nfected with BLU vi ruses but that a substantial  part of  the 
southern main l and and al l of Tasmania is free of i nfection .  Unl ess the 
di stribut ion  of vectors undergoes major changes , this southern area wi l l  
rema i n  free. Only l ong-term and constant serological moni tori ng wi l l  
confi rm t h i s .  
CONCLUSIONS 
B l uetongue and EHD group vi ruses each of a minimum of 5 serotypes 
i nfect catt le ,  buffal oes and deer i n  Austral i a  without produci ng 
di sease. The ful ly i denti fied species from which BLU vi ruses have been 
i sol ated are C. ful vus and C. brevitars i s  but other Cu l i coides species 
are probably al so vectors.- It is h i ghly probable that addit ional 
serotypes of BLU or EHD vi ruses occur in Austra l i a  because the vi ruses 
i so l a  ted so far do not account for al l the antibodies detected by BLU or 
EHD group tests .  The area of the Austral i an continent where BLU vi ruses 
are most preval ent , contains very few sheep so there is minimal 
opportunity for BLU vi rus to produce natural bl uetongue di sease, 
al though each of the vi rus serotypes of BLU has been shown 
experimental ly to have the capacity to do so. The avai l able evi dence 
from vi rus i sol ation and serology is that within the area where BLU 
vi ruses are endemic ,  the s ituation is sti l l  evolvi ng. Insuffi c ient 
i nformation is avai l able to define the rol e  of the anti genical ly related 
EHD vi ruses as a camp l i cat i ng factor in BLU serology. 
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Queens 1 and 
Source 
B l ood* 
.£.,_ fu l vus 
B l ood 
c.  brevitarsis  
N.  Territory Cul i coi des sp. 
N.  Territory B l ood 
New South Wales 
N .  Territory 
Queensl and 
New South Wales 
N. Territory 
N. Territory 
N. Territory Bl ood 
N. Terri tory Bl ood 
Austra l i a  
Bl ood refers to a bl ood samp le  col l ected from a heal thy senti nel 
cow. Thi s tab le  is compi l ed from i dent i fi cations carried out by CSIRO 
(St.George et al . 1978, 1980 ) ,  unpub l i shed data of G . P - Gard and M .  
Fl annagan aiid from Li ttl ejohns ( 1982 ) .  
The re 1 ati onshi p between representati ve strai ns of 5 serotypes of 
bl uetongue vi rus i sol ated i n  Austral i a  by tests on anti sera produced i n  
rabbits.  No rabbit anti serum i s  avai l able for DPP192. Bl anks i ndi cate 
no neutra 1 i sat i on by und i l uted serum. 
Serotype Vi rus CSIRO 156 
CSIRO 156 512 
20 CSIRO 19 
21 CSIRO 154 
DPP90 
DPP192 









The earl i est dates at whi ch anti body to f i ve serotypes of 
bl uetongue vi rus detected in catt 1 e sera co 11 ected at Beatrice Hi 11 and 
other s i tes in Austral i a .  Beatrice Hi l l  i s  the site where a senti nel 






Year that Anti body fi rst 







N. Territory 1975 
N. Terri tory 1974 
Queensland 1958 
N . Territory 1980 
N. Territory 1980 
TABLE _!. 
I sol ations of EHD group vi ruses i n  Austral i a .  
Serotype Year No . of State Source Isolat i ons 
CSIRO 157 1977 New South Wales B lood 
1979 N .  Territory 
1981 12 Queens 1 and c .  brevi tarsi s 
1981 26 Queens 1 and B lood 
1981 10 New South Wales 
1981 N .  Territory 
1982 Queens 1 and 
1983 N .  Territory 
TOTAL 56 
!BARAK! 1980 N. Territory Bl ood 
(CSIRO 439 ) 1981 N. Territory 
TOTAL 
cs 753 1981 Queens 1 and Bl ood 
1981 Queensl and c. brevi tarsi s 
1982 New South Wales B l ood 
TOTAL 
cs 775 1981 Queens 1 and Bl ood 
1981 N. Territory 
1982 Queens 1 and 
TOTAL 
DPP59 1982 17 N. Territory B lood 
GRAND TOTAL 93 
The serotypes desi gnated as CSIRO 157,  753, 775 and DPP59 were shown by 
C .H .  Camp be  1 1  ( persona 1 communication) to  be  d isti nct from a l l  other 
known vi ruses of  the EHD group. 
The effects on sheep of the i nocu l at i on of representati ve strains 
of 5 serotypes of bl uetongue vi rus t very mi l d ,  tt mi l d ,  ttt moderate, 
c l i nical si gns consi stent with bl uetongue. 
Sero- Infected Incubation C l i nical P.M. Vi rus period V i raemia type sheep (days ) si gns s igns 
CSIRO 1 56 56 5-7 8-12 tt tt 
CSIRO 19 20 54 7-12 8-12 ttt ttt 
CSIRO 154 21 14 9-10 5-10 tt 
DPP90 8-9 9-15 
DPP192 6-8 8-13 
A summary of the effects of 5 di fferent Austra l i an vi ruses of the 
EHD group when i nocul ated i nto sheep and cattl e .  No l es ions were seen 
� mortem p lus  = fever plus very mi l d  hyperaemi a of skin and mucous 
"iiieiTiDranes . 
No. Incubation Vi raemia Cl i nical Vi rus Infected 
Sheep Dx Period (days) s i gns 
CSIRO 157 29  8-13 8-16 
2 10 
CSIRO 439 11-13  8-11 
( lbaraki ) 
DPP59 7-10 5-9 
CSIRO 753 5-10 4-10 
12 
CSIRO 775 4-10 7-10 
EPIDEMIOLOGY OF BLUETONGUE IN AUSTRALIA 
THE VERTEBRATE HOSTS 
T .D .  St.George 
3-32 
C011111onweal th Scient i f i c  and Industrial Research Organ i zation, 
D i v i s i on of Tropi cal Animal Science, Pri vate Bag No. 3 ,  P . O . , 
I ndooroopi l ly ,  Queensl and 4068, Austral i a .  
SUMMARY 
Ruminants became estab 1 i shed i n  Austra 1 i a after European sett 1 ement 
whi ch commenced i n  the l ate 18th Century. Bl uetongue di sease has never 
been suspected in cattle  or sheep in th is  country. The species of 
rumi nants found to have antibodies to bl uetongue (BLU) and epizoot i c  
haemorrhagi c di sease (EHD) vi ruses are catt 1 e, buff a 1 oes , deer, goats 
and sheep. No anti bodies have been found in p igs ,  horses , marsupi a l s  
(kangaroos and  wal l abies)  or humans , even i n  areas of h i gh prevalence of  
BLU  and  EHD i nfection .  The serol ogi cal and  h i stori cal evi dence suggests 
that Indonesi a ,  where ruminants have been i ndi genous for a very l ong 
peri od , is a more l i kely source of i nfection for the Austral ian  BLU and 
EHD vi ruses than Papua-New Guinea though the method of the i r  entry to 
Austral i a  is unknown. It is unl i kely that a l l  the BLU vi ruses entered 
from there i n  rumi nants as there has been no i mportation of ruminants 
from Indonesia th is  century. 
Anti body surveys of cattl e have shown that two of the f ive 
Austra 1 ian BLU serotypes, DPP90 and DPP192 (G. P- Gard unpub 1 i shed data ) ,  
are restricted t o  a 1 i mi ted area of  the northern part of  the Northern 
Territory of  Austra l i a ,  one (serotype 20) to the north of the 18th 
paral le l  of  south l at i tude and the remain ing  two ( serotypes 1, 21) to 
the north of  the southern l imit of the di stribution of the suspected 
vector Cul i coides brevi tarsi s .  The prevalence of antibodies to BLU and 
EHD vi rus is highest in the far north of the Aust ra 1 ian cant i nent and 
dec l i nes rapidly in the middl e thi rd .  In the southern th i rd ,  the catt le  
and sheep a re  free of  BLU and EHD ant i bodies. The l imitat ion o n  spread 
of BLU and EHD vi ruses i s  not the avai l ab i l ity of suscept i b 1 e vertebrate 
species .  
INTRODUCTION 
In rel at i on to bl uetongue, the fi rst important poi nt to consi der 
about Austra 1 i a is that it separated from the other cant i nents before 
the evo l ut i on of the pl acental mammal s .  Austral i a  had none of the 
ruminants whi ch i nhabi ted the other cant i nents unt i l  vari ous species 
were introduced after European sett 1 ement which began in 1778. The 
absence of catt le  and buffal oes prior to this  t ime meant that species of 
Cul i co ides dependent on them for habitat coul d  not have estab l i shed. 
The s i gn i f i cance of these factors i s  d iscussed much more fully by 
Standfast � 2l• ( 1984 ) .  
The spread of  ruminants t o  most areas o f  the continent had occurred 
by the begi nning  of the 20th century, but certai n crit i cal areas wi thout 
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permanent surface water were not stocked w i th  s i g n i  fi cant numbers of 
cattle or sheep unt i l  much l ater, one part i cular area bei ng to the south 
of the Gulf of Carpentari a .  The di sconti nu i ty there provided a barrier 
to the spread for many years of buffalo fly, Haematobia i rri tans exi gua 
and the catt le  t i ck ,  Booph i l us micropl us (Seddon 1951,  !9� ---
Cattle are now found i n  most di stri cts of Austra l i a  to some extent, 
but sheep are predomi nantly in the southern two-thi rds of the continent 
(Standfast � �· ( 1984 ) .  No c l i n i cal bluetongue has been noti ced i n  any species o f  ruminant i n  Austral i a ,  s o  the rol e o f  cattl e, sheep and 
other rumi nants in the spread and maintenance of b 1 uetongue (BLU) 
vi  ruses can be assessed only by i ndi rect means.  
RESULTS 
Sera have been coll ected by various i nvestigators for use i n  
surveys which cover s i ngle Austra 1 i a n  states o r  groups o f  states. The 
antigens used i n  thei r tests were a l l  prepared from the fol l owing 
bluetongue (BLU) and epizooti c  haemorrhagic di sease (EHD) vi ruses, with 
the serotypes shown in brackets: CSIRO 156 (BLU 1 ) ,  CSIRO 19 (BLU 20 ) ,  
CSIRO 154 (BLU 21 ) ,  DPP90 and DPP192 ( both unclassi fied BLU ) ; CSIRO 439 
( I barak i )  and CSIRO 157,  CSIRO 753, CSIRO 775 and DPP59 ( un-named EHD 
group vi ruses ) (St .George et al . 1978, 1980, 1983; G . P .  Gard unpubl i shed 
dat a ) .  - -
The catt le  sera tested within  thi s l aboratory were col lected i n  an 
Austra l i a-wide survey in November 1977 - March 1978, the bulk of them 
from the northern two-thi rds of Austra l i a ;  a pl anned representati ve 
survey of Queens l and catt 1 e in 1983 (Wa l tha 1 1  and St. George unpub 1 i shed 
data ) ;  and the serum bank accumul ated in the Austra 1 i an sentinel herd 
scheme (St .George 1980 ) .  Sera were col lected from feral and farmed deer 
(McKenzie et al . 1984 ) ,  water buffaloes and feral p igs ,  horses and 
marsupial s andtested for anti bodies to BLU or EHD whenever poss ib le ,  
but  not to any set  plan .  The di stribution of the  feral species in  
Austra l i a  was  i l l ustrated by Murray and  Snowdon ( 1976 ) .  
In  the 1977-78 survey 14% o f  35,000 cattle sera were found pos i t i ve 
for SN anti bodies to BLU serotype 20, vi rtual ly a l l  of the pos i t i ve sera 
ori ginating north of the 18th paral lel of south l ati tude. Tests on a 
proporti on of these same sera showed anti body preva 1 ences of 18% i n  
2 ,700 sera (serotype 1 )  and 10% o f  230 sera (serotype 21 ) .  Sera with 
anti bodies to these two serotypes came from a much wider area but a l l  
withi n the  l i mits  of the  suspected vector, l.,_ brevitars i s .  
The 1983 survey o f  Queensl and cattle  i nvol ved 255 catt le ,  with 3% 
posi t i ve for serum neutra l i z i ng (SN) anti bodies to BLU serotype 1, and 
6% to serotype 2 1 .  No  sera were pos it i ve to t he  other 3 BLU 
serotypes. The 396 red deer sera were posi t i ve for the SN anti bodies to 
the same serotypes ,  at rates of 8 and 13% respecti vely, but not to the 
other serotypes. However 48% were pas it  i ve i n  the AGDP BLU group 
anti body tests (McKenzie et al . 1984 ) .  In  our surveys of other spec ies , 
107 sheep ( 3% )  and 109 goatSl l%) have been found pos i t i ve to serotypes 
1 and 2 1 .  
north of t he  Northern Territory, 225 buffaloes had SN 
o 1 1  ows : BLU 1 9%, BLU 20 18% and BLU 21 6%. The 
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fo  1 1  owing numbers of  sera from other species i n  t he  BLU  i n fected area 
were al l negative to SN tests with BLU serotypes 1, 20 and 2 1 ;  namely 65 
pigs,  59 horses , 131 Chital deer, 3 camel s and 140 marsupia ls  (kangaroos 
and wal l abies ) .  The sera have not yet been tested against the other 
serotypes. 
Tests with BLU and EHD anti gens on the sentinel herd sera at 4 
l ocations i n  the north of the Northern Territory and 2 locations on the 
east coast of Queens! and showed a consi stent pattern. Seroconversi on 
has occurred only in the l ater summer and the autumn in successive years 
from 1975 to 1982. 
Most serol ogi cal surveys carried out in Austra l i a  have not been 
pl anned to produce results  that can g ive a confident assessment of the 
preva 1 ence of BLU v i  ruses . The surveys that have been publ i shed 
(Coackl ey et a l . 1980; Smith et al . 1 98 1 ;  Del l a-Porta et al . 1983) have 
contributedtothe general p icturethat there is an areaacross northern 
Austra 1 i a and down the east s ide of Austra 1 i a where BLU antibodies occur 
in cattle.  Sheep, which are found mostly in the southern part of the 
continent are substant i a l ly free of  BLU anti bodi es. Th i s  BLU i nfected 
area was i l l ustrated by Del l a-Porta et a l .  ( 1983 ) .  The other publi shed 
surveys and the unpub 1 i shed data der1vedby St. George and Cybi nsk i from 
the senti nel herd serum bank, are cons i stent with the general pi cture 
descri bed by Del l  a-Porta et a 1 .  ( 1983 ) .  The southern boundary of the 
area where BLU antibodi esarefound in cattle or sheep is suggested by 
Del l a-Porta ( 1983) to be s imi l ar to that of Cul i coides brevi tars i s ,  the 
most wi despread suspected vector (Standfast � �· 1984). 
The serotype i nvo 1 ved was not determined for a 1 arge proportion of 
the sera posi t i ve to BLU group tests (Del l a-Porta 1983 ) .  Neutral i zati on 
tests for serotypes 1 ,  20 and 21 were found by Smith et a l .  ( 1981 )  to 
account for 74% of the 2716 AGDP pos i t i ve sera i n  catffi Trl the north­
west of Austral i a .  
The source of t h e  Austra 1 i a n  BLU and EHD vi ruses must 1 i e to the 
north. There are no nearby l and masses to the west or south. New 
Zealand i s  free of i nfection with BLU vi ruses and also of Cul i coides 
vectors. The two poss ib le  countries of ori gi n  to the north are 
Indonesia  and Papua-New Guinea. A serological survey of Indonesi an 
catt 1 e (Mui ra et a 1 .  1982) showed that antibodies to BLU (types 1 and 
20) and Ibaraki v i rus ,  were present at  percentages of 44 ,  47 and  77  
respecti vely.  The  f i nd i ng of BLU  antibodies i s  consi stent with an 
unpubl i shed survey carried out at thi s l aboratory in cooperati on with 
Indonesia and Ma 1 aya which showed that antibodies to BLU and EHD vi ruses 
occurred i n  catt le  and buffaloes in both countries 
BLU group anti bodies were found in 60% of cattl e , 39% of  buffa l oes, 
10% of  sheep and 8% of  deer i n  Papua-New Gui nea. Antibodies to BLU type 
1 and one EHD vi rus were found in catt 1 e and buff a 1 oes born in Papua-New 
Gui nea, but SN anti bodies to type 20 only i n  catt le  and buffaloes 
imported from northern Austral i a  ( van Kammen and Cybi nski 1981 ) .  The 
addi t i onal fact that rumi nants were estab 1 i shed in Papua-New Gui nea even 
1 ater than in Austra 1 i a, but are i ndi genous in most of Indonesi a ,  makes 
that country a much more l i kely source than Papua-New Guinea. There has 
been an effecti ve quaranti ne barrier against the importation of 
ruminants from Asi a to Austra l i a  and Papua-New Gui nea for most of the 
20th Century. I t  is un 1 i ke ly that the 5 serotypes of BLU and EHO 
v i  ruses , and some 14 other arbovi ruses known to i n fect catt 1 e and 
4. 
buffal oes i n  the far north found thei r way to Austra 1 i a i n  ruminant 
hosts.  Alternate pathways i nvol vi ng bats ,  bi rds or i nsects should be 
sought. 
When the other susceptib le  hosts such as buffal oes , deer and goats 
are consi dered as posi t i ve or  negative for BLU ant i bodi es, two factors 
must be taken i nto account. The fi rst factor is the l ocation.  If they 
are l ocated i n ,  or origi nate from, withi n the area where a suitable 
vector of BLU vi rus occurs they may be i n fected and develop 
antibodies.  The second factor i s  whether they are bitten by the 
particular  vector species which transmit BLU vi rus .  Buffa loes, deer, 
goats and sheep which have spent al l or part of thei r l i ves within the 
area where cattle are i nfected may become i nfected by BLU vi rus because 
antibodies are found in the serum of  a proportion of them. Most of the 
0 .35% of 16 . 000 sheep sera with BLU group antibodies (Del l a-Porta et al . 
1983) came from areas where cattl e were al so found to have liT\J  
antibodies . The same criteria apply for EHD group v i ruses. There i s  
di rect evidence that buffa loes,  sheep and goats are bitten by suspected 
vector species under natural conditions (Murray 1975; Mul l er et al . 
1981 ) .  At present there i s  n o  di rect evi dence a s  t o  whether deer are 
bi tten by any Cu l i coides spec ies .  It i s  known that C .  brevitars i s  can 
breed to a 1 imited extent in deer faeces (Standfast personal 
communicat ion ) and that 13 other arbovi ruses , which have been i so 1 a ted 
from C .  brevitars i s ,  a l so i nfect deer (McKenzie et al . 1984) so i t  is a 
fai r i n ference that th is  species readi ly bites deer.-
The season of the year when transmi ssion of BLU vi ruses as judged 
by sentinel herd seroconvers ions between January and May is consi stent 
with the peaking of potential  vector popu l at i ons,  C. ful vus, C .  actoni ,  
.f.,_ wadai and C .  brevitars i s ,  a s  recorded by Standfast et al . (198� 
The l i mi t i ng factors i n  the epidemiol ogy of bl uetongue i s  not the 
avai 1 abi 1 i ty of  ruminant hosts. The di scontinuity between the i nfected 
and free areas in the eastern side of the continent transects 
substantia 1 populations of sheep and catt le  as we 1 1  as 1 esser 
popul ations of deer, goats and camel s .  The centre and west of Austral i a  
contai n substantia l  desert areas where very few ruminants are found. 
Thus i t  is the vectors whi ch are the 1 imiti ng factor not the 
avai 1 abi 1 i ty of  vertebrate hosts . The .. over-wi nteri ng•• mechani sm withi n 
the endemi c area is compl etely unknown. No evi dence is avai l ab le  i n  
Austra 1 i a as to how BLU vi ruses carry over from one season t o  t h e  next 
or whether it is i n  the vertebrate or the i nvertebrate host.  
The  epi  demi o 1 ogy of  the  EHD group vi ruses appears to be  very 
simi 1 ar to that of the BLU vi ruses . A 1 1  serotypes are more preva 1 ent i n  
the far north of  Austral i a  and the anti body prevalence grades downwards 
to the south i n  a general ly  s imi lar  pattern from that i l l ustrated by 
Del l a-Porta et al . ( 1983) for BLU vi ruses. The epidemiol ogy of  BLU and 
EHD v i ruses must be consi dered together because of anti gen ic  overlap. 
Some of the ant i gen i c  rel ationships between members of  these groups was 
descri bed by Campbe l l  et al . ( 1g78 ) .  There is a l so evi dence from 
sentinel herd serol ogy tilafl nfection of catt le  with EHD v i ruses can 
produce BLU group reactive ant i bodies or an i ncrease i n  an exi sting 
t itre .  
The seasonal i ty of  EHD v i ruses i s  s imi l a r  as i s  t he  vertebrate host 
range. The importance of  the EHD vi ruses to the study of the 
epidemiol ogy of  the BLU v i  ruses 1 i es not in any potenti a  1 for protection 
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against  i nfection ,  but  with the  h i gh probabi l ity that heterotypi c  
antibodies are generated i n  the vertebrate hosts ,  and these are detected 
by BLU group serol ogical tests . 
There are cattle and deer sera whi ch have produced strong reactions 
( 3+)  i n  the AGOP tests with BLU or EHO anti gens which are negat i ve in SN 
tests to a 1 1  the presently known Austral i an serotypes of both those 
vi ruses ( L 1ttl ejohns and St . George unpub 1 i shed data ) .  It is therefore 
h i ghly l i kely that further serotypes of both groups wi l l  be found i n  
Austra l i an catt le .  
CONCLUSIONS 
Catt le ,  sheep, goats ,  water buffal oes and I species of deer are 
i nfected with BLU vi ruses i n  Austra 1 i a, as j udged by vi ro 1 ogi cal and 
serologi cal evidence. The l imitat ion of BLU vi ruses to the northern 
two-thi rds of the Austral i an continent is a result of the di stri buti on 
of the i nsect vectors rather than the avai 1 abi 1 1 ty of suscept i b  1 e hosts 
in the southern BLU vi rus-free area of the Austra l i an continent. Feral 
deer,  goats and buffaloes become i nfected in areas only where cattle are 
i nfected. Very few sheep are i nfected with BLU vi rus al though a 
substantia l  popul at i on i s  found within the l imits of di stri bution of C .  
brevitars i s ,  the vector with the widest di stri buti on. The presence of5 
EHD vi ruses with an anti gen i c  overlap with BLU vi ruses capab 1 e of 
producing anti bodies detectab 1 e by BLU group tests means that 
serol ogi cal surveys based on such group tests do not necessarily g i ve a 
true estimate of BLU vi rus epidemio logy.  The effect of EHD vi rus 
i nfecti ons waul d be to cause an overestimate of BLU prevalence and 
di stri bution in ruminants in Austra l i a .  The epidemiol ogy of BLU vi ruses 
in Austra l i a  is comp lex and is by no means fu l ly understood, nor wi l l  i t  
b e  unti l a l l  the anti genic  rel ati onships o f  the BLU vi ruses t o  each 
other, and to other groups of orbi vi ruses is ful ly de 1 i neated. 
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T H E  I SOLATI O N  OF E P H EMERAL  F E V E R  V I RU S  
F R O M  M O S Q U I T O E S  I N  AUSTR A L I A  
BY  
H .A. STANOFAST, T .O. ST. GEORGE and A.L .  DYCE 
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The work described i n  thi s short paper was pl anned and carried out 
joi ntly.  The paper was wri tten by me as senior author. Mr. St . George 
was shown as sen i or author, because of an error by the Austra l i an 
Veteri nary Journa l . Thi s  error was corrected in the reprint • 
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THE ISOLATION OF EPHEMERAL FEVER VlRUS FROM MOSQUlfOFS IN AUSTRALIA 







m�i� o!!�st�,:�or� �h� 
IJ'ID3IJUssion of tbe virus. Mackerras et al (1940) inves­
tigated mechanical and biological transmission, but were 
unable to reproduce insect transmission. The virus was 
1bown to multiply in 2 species of mosquito, Culex 
=���rt:e:,e�1 a:Jl:�· a:�e�3�nt5h�� r:�i��]�J; 
il Cuter annufirostris, Culicoides marksi and Culicoides 
brevitarsis when fed in a blood-virus mixture (Standfast 
unpublished), The .only previous re_cord of .the isolation 
of the virus from msects collected m the wtld was from 
� tl: J:��� �:'a �G�; �;t;:v�� !nJ�!jt:1l9;14:. 
Two isolations of ephemeral fever virus have been 
made from mosquitoes collected when the virus was 
active as measured by clinical repons (Etna Creek) and 
lel'oiogical �urveys (Beatrice HiU). One isolate was first 
detected in the fourth mouse-brain passage of a mixed 
poo! of mQSquitoes (4 Culex (Lophoceraomyia) spp, 4 
Uranotatnia nivipes, 1 Uranotaenia albescens and I 
A�des (Verralina) carmenti) from a light trap collection 
made at Etna Creek (150o30'E, 23° 12'8) near Rock· 
hampton, Queensland, on 23 April 1974, and initially processed in the Long Pocket Laboratory between 
3 May and 24 June 1974. A second isolate was first de· 
tected in the second mouse-brain passage of a pool oJ 
77 Anopheles (Anopheles) bancro/tii bancroft/i collected 
in a calf-baited magoon trap at Beatrice Hill (131 °20'£. 
12"39'S) in the Northern Territory and proce� in this 
La.bortltory between 22 April and 15 July 1975. 
Virus was not re-isolated from the original insect 
material; this Wall not unexpected, as freezing and 
thawing and losses during storage would reduce the 
amouot of virus present. Both isolates were neutralised 
by antisera produced to the standard suain, BB7721 
(Doherty et al 1969) and were judged by the complement 
fixing reaction to be ephemeral fever virus (Dobeny, 
l:"a':�e� ����;{'fr��w::b• o7b
e
er�":t /!C: ti� 
standard strain, in a cross neutralisation test. This sug· 
gests that they are valid isolates and not laboratory 
contaminants. 
The distribution of An. banuoftii and its seasonal 
abundance indicate that it is unlikely to be an important 
vector of epidemic ephemeral fever. Similarly, the species 
of mosquitoes from the mixed �� at Etna Creek have 
an even more restricted distnbution. All are absent 
from much of the area recorded by Murray {1970) 
as the ranj!'C of ephemeral fever virus. 
H. A. ST ANDF AST, B.Sc. 
T. D. ST. GEORGE, M.V.Sc. 
CSIRO Division of Animal Health, 
Long Pocket Laboratories, 
Private Bag No 3, 
lndooroopilly, Queensland, 4068. 
A L. DYCE, B.Sc.Agr. 
CSIRO Division of Animal Health, 
McMaster Laboratory, 
Private Bag No I, 
Glebe, New South Wales, 2037. 
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THE I SOLAT I O N  I N  A U STRAL I A  OF A NEW V I R US 
R ELATED T O  B O V I NE EPHEMERAL FEVER  V I R U S  
BY 
G . P .  GARD, D . H .  CYBINSKI and T.D. ST.GEORGE 
The vi rus i ni ti a l l y  desi gnated as DPP63 was i solated by me and sent to  
Mr .  St . George for  i denti fi cati on . In hi s l aboratory it was shown to be 
anti geni cal ly  rel ated to bovi ne  ephemeral fever vi rus , but di sti nct 
enough to warrant a new name , Berri mah vi rus . The sera 1 ogy C<'  rri ed out 
by Mi ss  Cybi n ski wi th Berri mah vi rus was on sera accumulatt·d in the 
senti n e  1 herd scheme. 
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o. i( c;bi��ki ( Co-Author ) 
Tbe isolation in Australia of a new virus 
related to bovine ephemeral fever virus 
DepaJtment of Primary Production, 
p0 Box 4160, 
Darwin, Northern Territory 5794 
CS!RO Division of Tropical Animal 
Science, 
Long Pocket Laboratories, 
PB No 3, 
PO Indooroopilly, Queensland 4068 
G. P GARD 
D. H .  CYBINSKI 
T. D. St GEORGE 
Bovine ephemeral fever (BEF) virus (Doherty ec al 1969) 
is classified as a rhabdovirus on biochemical and structural 
criteria (Matthews 1982). However, within this family of 
viruses il remained ungrouped as no other rhabdoviruses 
were known related to it by serology until Tortilla Flat virus 
was isolated from a healthy sentinel cow (Cybinski and 
Zakrzewski, in press). They found that Tortilla Flat virus 
did not cross-react with BEF virus in neutralisation tests 
using rabbit antiserums, though some evidence of cross­
rtaction was demonnrated using serums of naturally infected 
caule. In reciprocal complement fixation and fluorescent 
antibody tests, BEF (main 887721 Doherty et al 1969) and 
Tortilla Flat viruses were demonstrated to be related closely. 
Thus BEF and Tortilla Flat viruses were distinct from each 
other but together form a new serological group, the 
ephemeral fever group. 
A new virus designated as DPP63 was isolated in cell 
cultures from blood colle<:ted on 4 April 1981 from a 2-year­
old healthy sentinel steer on Berrimah Research Farm, 
Darwin (latitude 12° 26'S; ·longitude 130° 55'E). DPP63 
virus was isolated in baby hamster kidney cells prepared as 
described by St. George ct al (1978). It also grew well in 
Vero cell cultures. This virus was related to both BEF and 
Tortilla Flat viruses by immunofluorescence, but with a 
stronger relationship to BEF virus. An antiserum, prepared 
in rabbits by the method described by Cybinski and St. 
George (1982), was used in a microneutralisation test using 
Vero cell cultures, as described by Cybinski ct al (1978). 
fitrcs were calculated by the method of Reed and Muench 
as adapted by Lennette and Schmidt (1964). The relationship 
or the 3 viruses, BEF, Tortilla Flat and DPP63 by neutral­
isation tests is shown in Table 1. The only cross-relationship 
disclosed by the rabbit antiserum, is a partial one-way 
relationship between DPP63 and BEF viruses. 
The animal, BRFIO, from which DPP63 virus was isolated 
TABLE 1 
Crou neulrallntlon lnlt with 3 bovine ephemeral fever 
(BEF) group viruses 
V>us OPP63 
DPP6J 126 
Tortilla Flat (CSIAO 368)• <1 
Stlndard BEF (887721)t <1 
' Cybinski and Zakrzewski ( In press) 








had neutralising antibody titres t o  all J viruses. Detectable 
antibody developed a year earlier during the month of April 
1980. The titres to the 3 viruses BEF, Tortilla Flat and 
DPP63 were 128, 64 and 16 respectively on 4 April 1981, the 
date of isolation of the virus DPP63. In the following month, 
weekly serum samples were taken and showed a rise in titre 
to 32,000, 128 and 3072 to the 3 viruses, again respectively. 
These titres fell during the next year to 45, 6 and 24 
respectively on 22 April 1982. 
There is always a problem of cattle at pasture being 
exposed to other related but unknown viruses, but it appears 
that the sentinel animal was infected with the DPP63 virus 
about one year after being infected with the related viruses, 
BEF and Tortilla Flat. This antibody was not protective, 
since DPP63 virus and antibody circulated together but the 
prior infection did enable the steer to make a secondary 
antibody response to BEF and DPP63 viruses. A similar rise 
in antibody titre to Tortilla Flat virus was not detected. There 
was no record of clinical disease in the steer at the time of 
infection with any of the viruses. 
A serological survey of 478 cattle serums at a dilution of 
1:4 from various parts of Australia showed 97 (20%) positive 
for neutralising antibodies to both BEF and DPP63 viruses 
and 55 (1 20Jo) negative to DPP63 virus and positive to BEF 
virus. This finding is consistent with the tests recorded in 
Table I ,  with the antiserum to BEF virus being the more 
broadly reactive. 
The n�w virus, DPP63 though antigenically similar to BEF 
virus is sufficiently different tO infect and multiply in a steer 
that had a titre of 128 to BEF virus. How�ver, it would be 
difficult to carry out a meaningful serological survey which 
would show its distribution distinct from BEF virus b�ause 
of the antigenic overlap. A more useful step would be to­
isolate further strains. 
· The recognition of the existence of a co-mplex of related 
ephemeral fever group viruses in place of a single BEF. 
means that all antibody detected in serological surveys may 
not all have been correctly attributed to BEF virus. It does 
also mean that experimental animals should be screened for 
antibodies to the 2 related viruses before use in immunity 
experiments. 
The virus DPP63 is sufficiently different from BEF virus 
to warrant a name. We therefore propose the name Berrimah 
for this third member of the bovine ephemeral fever group 
of viruses. 
We wish to acknowl�dge the technical assistance of 
. H. Zakrzewski in the identification of DPP63 virus. 
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THE I NF E C T I O N  O F  M E R I NO S H E E P  
W ITH B O V I N E  E P HEMERA L  F E V E R  V I RU S  
BY 
W .T. HALL, K .N. DADDOW, C . K. DIMMOCK, T.D. ST. GEORGE and H.A. STANDFAST 
Thi s experiment was i ni t i ated to determi ne whether sheep coul d  represent 
a means of t ransfer of ephemeral fever vi rus to another country. The 
experiment was p lan  ned by Mr. Dad dow, Mr. St . George and myse l f .  Mr. 
St . George ass1 sted with the animal i nocul ati ons and carried out the 
serology- The paper was written by fir. Daddow and myse l f .  
�'.; --- 7 /  q \.f./ • . . . . . . . . . . . .  . . . . . . .  t . . .  . 
Date : ·  1 
1 , � � . . . . . . . .  r� . . . J • • •  , .� . . . . . . . . . . . .  . 
W . T . K. Hal l {Author ) 
agree with the statement made by Mr. Ha 1 1 .  
{ � . 7. "' fJL; · · · · · · · · ·  . . . . . . . . . . . . . . . .  . 
. . . . . . /� . . . 1.-. . �.'t. . . . . . .  . 
Date: 
. .  /.1;.«'-:� . . rk. . . . . . . .  . 
Oate :  
- Additi onal Comment s :  
��R?:<:� 
K. N. Dad dow (Co-Author ) 
• .A�c;;;-;<, . .  .((, :0�-:': . . .  
Corri ne K .  Di mmock {Co-Author ) 
. . .  �d�r<.� . . . .  
H .A .  Standfast (Co-Author) 
THE INFECTION OF MERINO SHEEP WITH BOVINE EPHEMERAL 
FEVER VIRUS 
W. T. HALL*, B.V.Sc., K. N. DAnoow*, B.Sc., 
CoRRINNE K. DIMMOCK*, B.Sc., T. D. St. GEORGEt, M.V.Sc., 
and H. A. STANDFASTt, B.Sc. 
Introduction 
There have been no confirmed reports of 
ephemeral fever in sheep in Australia. Bevan 
( 1907) described stiff sickness or three-day sick­
ness in cattle in Rhodesia in which blood from 
affected cattle produced a febrile response in 
Persian Merino sheep 7 or 8 days after in­
oculation. Unsucce,sful attempts to transmit 
infection with ephemeral fever virus (EFV) to 
sheep in Australia have been reported by Seddon 
(1938), Mackerras et al (1940) and Snowdon 
( 1970). 
A preliminary experiment at this laboratory 
showed that sheep developed neutralising anti­
bodies to EFV following intravenous inoculation 
with blood containing virus. This paper reports 
the results of further studies on the susceptibility 
of sheep to infection with EFV. 
Materials and Methods 
Experimmwl Animals 
All sheep were bred at the Institute and were main­
tained in paddocks with other flock sheep till used in 
this experiment at about 18 months of age. 
Most of the cattle had been bought as calves from 
the Western Darling Downs and hand reared in pens, 
Some had been used in experiments with babesia and 
were held in paddocks for up to 18 months prior to 
u>e in this experiment. Their ages varied from 6 to 24 
months. 
During the experiment all animals were kept in 
screened pens. No neutralising antibody to EFV was 
detected in preinoculation serum samples. 
Test animals were observed for clinical signs and 
temperatures were taken 3 times daily for 12 days after 
inoculation. Cattle that did not respond clinically or 
serologically following inoculation with sheep leucocyte 
preparations were challenged with infective cattle blood. 
Inondum, Inoculations and Samplings 
Experimem 1 
The ephemeral fever virus was a strain isolated from 
cattle at Mitchell River in North Queensland. After 8 
passages a sample of blood in anticoagulant was taken 
from a febrile steer that was disinclined to move and 
off feed 3 days after intravenous inoculation with infec­
tive blood. This was stored for 108 days at -l2°C 
and was then used to inoculate 4 sheep and I steer. 
Each sheep and the steer were inoculated intraven­
ously with 10 ml freshly thawed blood. Control sheep 
were similarly inoculated with uninfected bovine blood. 
• Queensland Department of Primary Industries, Animal Research 
Institute. Yeerongpilly . Queensland, 4105 
t Division of Animal Health, CSIRO Long Pocket Laboratories, 
Tndooroopilly. Queensland. 4068 
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Blood samples for haematological examination, for pre­
paration of inocula for cattle in experiment 2 and for 
mouse inoculation were taken prior to inoculation and 
for 12 days thereafter. Serum samples for neutralising 
antibody tests were also taken prior to inoculation and 
thence 3 times a week for 2 weeks or more. Sheep 2 
and 3 and the steer were sampled at monthly intervals 
for 11 months. 
Experiment 2 
Steers were inoculated intravenously with 2-3 ml of 
a preparation of leucocytes made from blood samples 
collected on days 1 to 5 from sheep 2 and 3 and on 
days 3 and 4 from sheep 1 and 4. These were inocu­
lated separately into 14 steers. Control steers were 
inoculated intravenously with leucocyte preparations 
from the uninfected sheep. 
Demonstration of Virus 
Six one-day-old mice were inoculated intra-cerebrally 
with 0.02 ml suspensions of leucocytes or blood. If at 
14 days there were no evidence of virus, passage to an­
other litter of mice was attempted before the test was 
deemed to be negative. 
In both experiments standard techniques (Dacie 
1958) were used for the estimation of total and differen­
tial white cell counts. 
Leucocytes were prepared from 10 ml blood in 
EDT A by the method of Doherty et al ( 1%9) and 
stored in liquid nitrogen until required. 
The �erums were tested for neutralising antibody to 
EFV as described by Snowdon (1970) and titres were 
expressed as the reciprocal of the highest dilution of 
serum that neutralised 100 TCID"' EFV. 
Results 
Experiment 1 
The steer had a temperature of 40.5"C four 
days after inoculation, anorexia and a muco­
purulent nasal discharge. No clinical effects were 
observed in any of the sheep. The steer and 
sheep 2 and 3 developed neutralising antibody 
to EFV (Figure l) that persisted for at least 
11 months. Sheep 1 and 4 developed low titres 
of less than 2 commencing 3 weeks after in­
oculation and disappearing 2 to 4 weeks later. 
The total leucocyte, neutrophil and lymphocyte 
counts from the steer 507 and sheep 1, 2, 3, 4 
are shown in Figure 2. The neutrophilia in the 
steer coincided with the febrile reaction and was 
preceded by a neutropenia. A feature of the 
neutrophilia was the high percentage of band 
forms showing toxic granulation. Some of these 
cells were still present after the total neutrophil 
count had returned to pre-inoculation levels. The 




a Eprmrm Fewr8191)oh,Swr 
1 1 
-x) 0 2 0 4 0 8 0 8 0 x K ) 1 2 0 u o ~ % 0  
TM @ryrr(krhbctbn) 
Figure 1. The serologlcal response of 2 sheep and a susceptible 
steer to the Intravenous inoculation of ephemeral fever virus. 
haematological picture in the 4 sheep was 
variable. There was a relative neutrophilia in 
sheep 2 and 3 on days 4 and 10 respectively and 
a neutropenia in sheep 4 on days 2 and 3. No 
changes were observed in the leucocyte values of 
sheep 1 and the control sheep. 
Ephemeral fever virus was isolated in mice 
from the inoculum given to the 4 sheep and steer, 
and from the blood of the steer taken during its 
febrile reaction, but not from any of the blood 
samples collected from the sheep. 
Experiment 2 
The 4 steers inoculated with leucocyte pre- 
parations from blood samples taken from sheep 
2 and 3 on days 3 and 4 were clinically affected 
and developed neutralising antibody to EFV. 
The steers had maximum temperatures of 41.5"C, 
40.5, 39.6 and 40.9 on days 7, 4, 6 and 4 
respectively. Inappetance, mucopurulent nasal 
discharge and stiffness were observed. The 
haematological pattern was similar to that of the 
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Figure 2. White cell counts of 4 sheep and one steer following intravenous Inoculation with 
ephemeral fever virus. 
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There was no clinical, haematological or sero- 
logical response in the other 10 steers or the 
2 controls. A later challenge inoculation with 
the same strain showed all to be susceptible to 
EFV infectioa 
Discussion 
Mackerras et a1 inoculated sheep with bovine 
blocid containing EFV. Blood was collected from 
the sheep on the 4th day and inoculated into a 
Gnglz cow in an attempt to demonstrate viraemia. 
The cow was susceptible to subsequent challenge 
with virulent virus. On the other hand, Snowdon 
(1970) judged that transmission of EFV infec- 
tion from cattle to sheep was unsuccessful on 
clinical and serological grounds. The strains of 
EFV used by thc earlier workers may have been 
less infective for sheep. 
The absence of clinical signs of illness in sheep 
that developed antibodies indicates low patho- 
genicity of the MR strains of EFV for sheep. 
However. recent evidence suggests that some 
cattle may develop neutralising antibodies without 
showing any clinical evidence of disease (St 
G o r g e  1974). 
I cucocq.tes from 2 of the 4 sheep were in- 
fective to cattle on days 3 and 4 but not days 
1 snd 2 .  This indicates that multiplication of 
EFV occurred and that the serological response 
was due to infection rather than the antigenic 
contcnt of the inoculum. The antibody levels 
demonstrated in sheep 2 and 3 over a period 
of 180 days reflected the serological response of 
the infected steer. 
Summary 
Four Merino sheep inoculated intravenously 
with bovine blood containing ephemeral fever 
virus showed no clinical signs of ephemeral fever. 
Two sheep showed a mild haematological res- 
ponse and developed a neutralising antibody 
which closely paralleled that of a steer inoculated 
at the same time. Leucocytes harvested from 
these 2 sheep on days 3 and 4 after inoculation 
with virus reproduced ephemeral fever when 
inoculated into susceptible steers whilst those 
harvested on days I ,  2 and 5 did not. Even 
though this indicates that EFV can multiply in 
some sheep when they are inoculated intraven- 
ously, it cannot be inferred that natural infection 
occurs. 
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BOOK REVIEW 
CARE AND MANAGEMENT OF FARM ANIMALS 
'l'hc UFAW Handbook on  the care and management 
of Laboratory Animals was first published in 1947. 
Subsequent editions in 1957, 1967 and 1971 have main- 
tained the initial high standard of this publication and 
hztie made it an essential handbook for all concerned 
with litborntory animals. The publication of this new 
b o d "  dealing with Farm Aninial welfare has been en- 
coiiritged by the widespread interest in new housing 
systems for our domestic animals, and the controversy 
raised in the public mind by intensive systems of hus- 
bandry, 
The title o f  the book gives little indication of the 
"The ilFAW Handbook on the Care and Management of Farm 
Animals. Edited by UFAW; Churchill Livingstone, Edinburgh 
and London. 1971. $13.65. Review COPY from John Cochrane 
P[I 1 td, 377 R a y  Strwr. Port Melbourne 
346 
breadth of cover accorded to the term 'farm animal' as 
it is normally understood. In addition to the accepted 
list of cattle, sheep, horses, pigs and poultry, there are 
chapters on the care and management of water buffaloes, 
camels, elephants, mink, rabbits and farm dogs, amongst 
others. Care and management is taken to include 
breeds, housing, feeding and breeding. Useful sum- 
maries of each aspect, with excellent line diagrams and 
photographs, are presented in a readable. attractive 
manner. Legislation applicable to the United Kingdom, 
transport, and emergency killing of animals, are given 
separate attention in what one can confidentially predict 
will be a popular, useful and essential handbook for 
veterinarians, students and laymen alike. 
D. M. Walker 
Aitstraliati Veterinary Journal, Vol. 5 1. July, 1975 
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BIOCHEMICAL ANO HAEMATOLOGJCAL ASPECTS OF BOVINE EPHEMERAL FEVER 
BY 
T .O .  ST .GEORGE , O .H .  CYB lNSl<l ,  G .M .  MURPHY and CORINNE K .  omMOCK 
The cl i n i cal observations and treatment of natural cases of ephemeral 
fever were carri ed out by Mr . St .George . This paper a 1 so covers two 
d i sti nct seri es of observations on the sentinel herd of cattle at 
Peachester , i n  1973 and 1976 . The 1976 observati ons were pl anned on the 
basis of the results obtai ned in 1973 . The i ni t i al idea,  the field  
observat ions  and samp 1 i ng and the ephemera 1 fever serol ogy i n  rel ation 
to the Peachester herd were Mr . St .George ' s  responsi bi l ity and he wrote 
the paper . My rol e i n  1976 was to carry out the ephemeral fever vi rus 
serology .  In 1983 . at his suggest ion ,  I made a retrospective examina­
t i on of the stored sera with Kimberl ey vi rus after the cross-re 1 at i on­
ship between Kimberley vi rus and bovine ephemeral fever vi rus was dis­
covered . The object of thi s  retrospective exami nat ion was to confi rm 
results which had been obtained from more current serol ogy on senti nel 
catt 1 e sera . 
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My rol e in the p roject descri bed i n  this paper was to assi st in the 
p 1 anni ng of  the 1976 observations and samp 1 i ng and to carry out a 11 the 
estimations  of  cal c i um and magnesium in serum samp l es . I a l so 
w ith adv ice ·  on b iochemi stry at a l l  
I carried o u t  a 1 1  t h e  haemato 1 ogy descri bed i n  thi s  paper and p rovi ded 
advice on the i nterpretation of results • 
. . . . .  :? . . . . '! . . .  [/l . . . . . . .  . 
Oate :  
S e r o l o g i c a l  a n d  B i o c h e m i c a l  F a c t o r s  
i n  B o v i n e  E p h e m e r a l  F e v e r  
A u s t .  J .  B i o i .  S c i . ,  1 9 8 4 ,  3 7 ,  3 4 1 - 9  
T .  D .  S t  G e o r g e ,  A  D .  H .  C y b i n s k i , A  G .  M .  M u r p h y B  a n d  C o r r i n e  K .  D i m m o c k
B  
A  D i v i s i o n  o f  T r o p i c a l  A n i m a l  S c i e n c e ,  C S I R O ,  L o n g  P o c k e t  L a b o r a t o r i e s ,  
P r i v a t e  B a g  N o . 3 ,  P . O . ,  I n d o o r o o p i l l y ,  Q l d  4 0 6 8 .  
B  Q u e e n s l a n d  D e p a r t m e n t  o f  P r i m a r y  I n d u s t r i e s ,  A n i m a l  R e s e a r c h  I n s t i t u t e ,  
F a i r f i e l d  R d ,  Y e e r o n g p i l l y ,  Q l d  4 1 0 5 .  
A b s t r a c t  
C l i n i c a l  s i g n s  o f  e p h e m e r a l  f e v e r ,  w h i c h  w e r e  o b s e r v e d  i n  i n d i v i d u a l  c a t t l e  d u r i n g  t w o  s u c c e s s i v e  
e p i d e m i c s  i n  1 9 7 3  a n d  1 9 7 6 ,  w e r e  r e l a t e d  t o  b i o c h e m i c a l ,  c e l l u l a r  a n d  s e r o l o g i c a l  c h a n g e s  i n  t h e  b l o o d .  
T h e  r i s e  i n  p e r i p h e r a l  b l o o d  n e u t r o p h i l  c o u n t s  i n  s a m p i e s  c o l l e c t e d  f r o m  1 2  s e n t i n e l  c a t t l e  o n  a  d a i l y  
b a s i s  b e f o r e ,  d u r i n g  a n d  a f t e r  n a t u r a l  d i s e a s e  i n  t h e  t w o  e p i d e m i c s  t o  m e a n  p e a k s  o f  9  .  6 - 1 2  .  5  X  1 0
9  
p e r  l i t r e ,  a n d  f a l l  i n  c o u n t s  o f  l y m p h o c y t e s  t o  a  t r o u g h  o f  5 - 7  X  1 0
9  
p e r  l i t r e  w a s  f o u n d  t o  o c c u r  o n  
t h e  s a m e  d a y  a s  t h e  f e v e r  p e a k .  A  f a l l  i n  s e r u m  c a l c i u m  l e v e l s  f r o m  a  n o r m a l  m e a n  o f  2 · 5 5  m m o l / l  
t o  2 · 0  m m o l / I  o c c u r r e d  o n  t h e  d a y  c l i n i c a l  s i g n s  w e r e  m o s t  p r o n o u n c e d .  S e r u m  m a g n e s i u m  l e v e l s  
w e r e  a f f e c t e d  t o  o n l y  a  m i n o r  d e g r e e .  P l a s m a  f i b r i n o g e n  r o s e  f r o m  a  n o r m a l  m e a n  o f  5 · 0  g / I  t o  a  
p e a k  o f  1 8  g / I  o n  t h e  s e c o n d  d a y  o f  d i s e a s e  a n d  f e l l  t o w a r d s  n o r m a l  i n  t h e  w e e k  a f t e r  r e c o v e r y .  
N e u t r a l i z i n g  a n t i b o d i e s  t o  b o v i n e  e p h e m e r a l  f e v e r  v i r u s  w e r e  d e t e c t e d  u p  t o  6 3  d a y s  p r i o r  t o  c l i n i c a l  
d i s e a s e ,  a n d  t h e  r i s e  o f  a n t i b o d y  a f t e r  r e c o v e r y  w a s  s e c o n d a r y  i n  p a t t e r n .  S e r o l o g i c a l  e v i d e n c e  o f  a  
p r i o r  i n f e c t i o n  w i t h  a n  a n t i g e n i c a l l y  r e l a t e d  v i r u s ,  K i m b e r l e y  v i r u s ,  w a s  f o u n d  i n  t h e s e  a n i m a l s .  I n  
m o r e  s e v e r e  c l i n i c a l  c a s e s  o f  e p h e m e r a l  f e v e r  s e r u m  c a l c i u m  l e v e l s  w e r e  a s  l o w  a s  1 · 9 5  m m o l / l .  
T r e a t m e n t  o f  c a t t l e  s h o w i n g  c l i n i c a l  s i g n s  o f  t h e  d i s e a s e  w i t h  p h e n y l b u t a z o n e  a n d  c a l c i u m  
b o r o g l u c o n a t e  w a s  f a v o u r a b l e .  
E x t r a  k e y w o r d s :  R h a b d o v i r u s ;  p a r e s i s ;  h y p o c a l c a e m i a ;  i n f l a m m a t i o n .  
I n t r o d u c t i o n  
E p h e m e r a l  f e v e r ,  w h i c h  i s  c a u s e d  b y  b o v i n e  e p h e m e r a l  f e v e r  ( B E F )  v i r u s ,  i s  a  d i s e a s e  
o f  c a t t l e  a n d  w a t e r  b u f f a l o e s .  I t  o c c u r s  i n  a  w i d e  b a n d  o f  t h e  t r o p i c s  a n d  s u b t r o p i c s  o f  
A s i a ,  A f r i c a  a n d  A u s t r a l i a ,  w i t h  s o m e  e x t e n s i o n  i n t o  t e m p e r a t e  z o n e s  ( S t  G e o r g e  1 9 8 1 ) ,  
a n d  i s  s p r e a d  b y  i n s e c t s ,  b u t  t h e  i d e n t i t y  o f  t h e  m a j o r  v e c t o r  s p e c i e s  i n v o l v e d  h a s  n o t  
b e e n  e s t a b l i s h e d  ( S t  G e o r g e  1 9 8 1 ) .  
I n  A u s t r a l i a ,  t h e r e  w e r e  a  s e r i e s  o f  s p a c e d  e p i d e m i c s ,  t h e  f i r s t  o f  w h i c h  c o m m e n c e d  i n  
1 9 3 6  ( M u l h e a r n  1 9 3 7 ) .  E a c h  o f  t h e  e p i d e m i c s  s p r e a d  i n  a  g e n e r a l  n o r t h - s o u t h  d i r e c t i o n  
t h r o u g h  t h e  c a t t l e  p o p u l a t i o n  i n  t h e  e a s t e r n  h a l f  o f  t h e  A u s t r a l i a n  c o n t i n e n t ,  t h o u g h  v a r y i n g  
i n  a p p a r e n t  s p e e d  o f  s p r e a d .  T h e s e  e p i d e m i c s  o c c u r r e d  i n  1 9 3 6 - 3 7  ( S e d d o n  1 9 3 8 ) ,  1 9 5 5 - 5 6  
( A l b i s t o n  1 9 6 6 ) ,  1 9 6 7 - 6 8  ( M u r r a y  1 9 7 0 ) ,  1 9 7 0 - 7 1 ,  1 9 7 2 - 7 4  a n d  1 9 7 4 - 7 6  ( S t  G e o r g e  e t  
a l .  1 9 7 7 ) .  T h e  c l i n i c a l  s i g n s  o b s e r v e d  d u r i n g  e p i d e m i c s  h a v e  b e e n  s u m m a r i z e d  b y  S e d d o n  
( 1 9 3 8 )  a n d  M o r g a n  a n d  M u r r a y  ( 1 9 6 9 ) .  M o r e  d e t a i l  w a s  p r o v i d e d  i n  t h e  d e s c r i p t i o n s  o f  
t h e  f i r s t  A u s t r a l i a n  e p i d e m i c  ( A n o n .  1 9 3 7 ) .  H o w e v e r ,  t h e  c o u r s e  o f  t h e  d i s e a s e  i n  i n d i v i d u a l  
c a t t l e  h a s  b e e n  d e s c r i b e d  i n  m o r e  d e t a i l  i n  e x p e r i m e n t a l  c a s e s  ( M a c k e r r a s  e t  a l .  1 9 4 0 )  t h a n  
i n  n a t u r a l  c a s e s .  T h e  d e t a i l e d  o b s e r v a t i o n s  r e p o r t e d  h e r e  w e r e  m a d e  o n  c a t t l e  w h i c h  w e r e  
n a t u r a l l y  i n f e c t e d  w i t h  e p h e m e r a l  f e v e r  d u r i n g  t h e  e p i d e m i c s  o f  1 9 7 2 - 7 4  a n d  1 9 7 4 - 7 6 .  
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Materials and Methods 
Sentinel Herd, Peachester 
T. lJ. :st Ueorge et at. 
Sentinel cattle were selected from cattle on a dairy farm at Peachester, 100 km north of Brisbane, 
as part of a major sentinel herd scheme in Australia described by St George (1980). The scheme 
involved the bleeding of a group of identified cattle on a planned program. The sampling procedures 
described were used in intensive studies, in the anticipation that ephemeral fever would occur in the 
herd within a time bracket. 
1973 Outbreak 
A group of 12 Australian Illawarra Shorthorn heifers, bred on the Peachester farm, were aged 
between 12-18 months when they were bled on a daily basis for 3-14 days before becoming ill with 
ephemeral fever and for 7 days after illness. The group was then bled again 7 and 14 days after the 
last case. 
Blood was withdrawn from the jugular vein with a disposable sterile syringe and needle. The 
sample of blood was separated into two parts, 5 ml in ethylenediaminetetraacetic acid (EDTA) 
anticoagulant for haematology and 25 ml into a plastic disposable bottle where it was allowed to clot. 
Blood smears were prepared from the EDT A sample within 30 min of the blood being collected then 
fixed with methanol after being air-dried. The blood samples were kept on ice and forwarded daily 
to the Long Pocket Laboratories. 
The rectal temperature of cattle was taken once daily at between 0800 and 0900 h each day and 
any clinical signs noted. Sick sentinel animals were not treated in any way other than to provide 
shade and water if they became recumbent. 
1976 Outbreak 
In 1975, a similar group of 12 heifers, Australian Illawarra Shorthorns or Friesians, in the same 
herd was selected for intensive study. All were born after the previous outbreak of ephemeral fever 
and were aged between 11 and 20 months at the time of selection. The sentinel group was bled monthly 
from May to October 1975, approximately weekly from 19 November to 30 December 1975, then 
daily from 3 January to 28 February 1976. Observations were made and blood samples were collected 
as for the 1973 experiment. 
Experimental Treatment 
Nineteen cattle on farms other than the Peachester farm were given one of two forms of treatment. 
Ten cattle with clinical signs of ephemeral fever, excluding severe muscle tremor, uncoordinated gait 
or paralysis, were injected intramuscularly with 10 ml (200 mg/ml) of phenylbutazone (Myotone-VR 
Laboratories). The other nine cattle with additional signs consistent with those of hypocalcaemia as 
further described were slowly injected intravenously until specific clinical signs abated with a calcium 
borogluconate (CBG Plus, I.e. I. , Australia) solution (containing 85 g calcium borogluconate, 19 g 
calcium hyperphosphate and 57 g of dextrose in 350 ml). A single injection of phenylbutazone followed 
treatment with CBG. 
Laboratory Procedures 
Virus isolation 
Attempts were made to isolate BEF virus from the blood ofl5 of the clinical cases which were 
treated. The method used was the intracerebral inoculation of suckling mice as described by St George 
et al. (1977). 
Haematology 
Total leucocyte counts were estimated with a Coulter counter and absolute neutrophil and 
lymphocyte counts were calculated from the total leucocyte count and the percentages of these cells 
in a 200 cell differential count in May-Grunwald Giemsa-stained smears. Haemoglobin was estimated 
as oxyhaemoglobin. 
Serology 
The serum from the clotted blood was freed and the plasma from the anticoagulated blood was 
separated by centrifugation. 
S e r o l o g y  a n d  B i o c h e m i s t r y  o f  E p h e m e r a l  F e v e r  
3 4 3  
T e s t s  f o r  n e u t r a l i z i n g  a n t i b o d i e s  i n  t h e  s e r u m  w e r e  c a r r i e d  o u t  b y  t h e  m e t h o d  o f  S t  G e o r g e  e t  a l .  
( 1 9 8 0 )  e x c e p t  t h a t  t h e  s t r a i n  o f  B E F  v i r u s  u s e d  i n  n e u t r a l i z a t i o n  t e s t s  i n  A u s t r a l i a  ( B B 7 7 2 1 ;  D o h e r t y  
e t  a l .  1 9 6 9 )  a n d  K i m b e r l e y  v i r u s  ( C S I R O  3 6 8 ;  C y b i n s k i  a n d  Z a k r z e w s k i  1 9 8 3 )  w e r e  s u b s t i t u t e d  f o r  
P e a t o n  v i r u s .  
B i o c h e m i s t r y  
S e r u m  c a l c i u m  a n d  m a g n e s i u m  l e v e l s  w e r e  d e t e r m i n e d  b y  a t o m i c  a b s o r p t i o n  f l a m e  s p e c t r o s c o p y  
u s i n g  a  V a r i a n  T e c h t r o n  A A - 5 R  s p e c t r o p h o t o m e t e r .  P l a s m a  f i b r i n o g e n  l e v e l s  w e r e  d e t e r m i n e d  b y  t h e  
m e t h o d  o f  H a r d i s t y  a n d  I n g r a m  ( 1 9 6 5 ) .  
R e s u l t s  
C l i n i c a l  D i s e a s e s  i n  S e n t i n e l  C a t t l e  
O n  b o t h  o c c a s i o n s ,  i n  1 9 7 3  a n d  1 9 7 6 ,  t h a t  s e n t i n e l  c a t t l e  w e r e  b e i n g  o b s e r v e d  a n d  b l e d  
d a i l y ,  a n  e p i d e m i c  o f  e p h e m e r a l  f e v e r  o c c u r r e d  i n  o t h e r  h e r d s  i n  t h e  i m m e d i a t e  d i s t r i c t ,  
t h e  P e a c h e s t e r  h e r d  a n d  i n  t h e  s e n t i n e l  g r o u p .  T h e r e  w e r e  n o  m o r t a l i t i e s  o n  t h e  f a r m  f r o m  
e p h e m e r a l  f e v e r  i n  e i t h e r  e p i d e m i c .  
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D a y s  
F i g .  1 .  M e a n  l y m p h o c y t e  a n d  n e u t r o p h i l  c o u n t s  a n d  p l a s m a  f i b r i n o g e n  l e v e l s  i n  r e l a t i o n  t o  c l i n i c a l  
e p h e m e r a l  f e v e r  i n  1 2  s e n t i n e l  c a t t l e  d u r i n g  a n  e p i d e m i c  o f  e p h e m e r a l  f e v e r  i n  1 9 7 3 .  A s  t h e  c a t t l e  
s u f f e r e d  c l i n i c a l  d i s e a s e  o n  d i f f e r e n t  d a t e s ,  t h e  d a y  t h a t  o v e r t  c h a r a c t e r i s t i c  s i g n s  w e r e  o b s e r v e d  i s  
s h o w n  a s  d a y  O .  
1 9 7 3  o u t b r e a k  
T h e  o u t b r e a k  o f  e p h e m e r a l  f e v e r  b e g a n  i n  t h e  P e a c h e s t e r  h e r d  o n  2 0  N o v e m b e r  a n d  
f i n i s h e d  o n  l 3  D e c e m b e r  1 9 7 3 .  A l l  o f  t h e  1 2  c a t t l e  i n  t h e  s e n t i n e l  g r o u p  d e v e l o p e d  c l i n i c a l  
s i g n s  a s  d i d  1 4  o t h e r  c a t t l e  i n  t h e  s a m e  a g e  g r o u p .  T h e  c a t t l e  i n  t h e  h e r d ,  w h i c h  h a d  
e x p e r i e n c e d  c l i n i c a l  e p h e m e r a l  f e v e r  i n  t h e  e p i d e m i c s  t h a t  o c c u r r e d  i n  t h e  P e a c h e s t e r  d i s t r i c t  
i n  1 9 6 8 ,  o r  1 9 7 1 ,  d i d  n o t  d e v e l o p  d i s e a s e  n o r  d i d  c a l v e s  l e s s  t h a n  6  m o n t h s  o f  a g e .  N o n e  
o f  t h e  1 2  c a t t l e  a f f e c t e d  i n  1 9 7 3  d e v e l o p e d  e p h e m e r a l  f e v e r  i n  t h e  1 9 7 6  e p i d e m i c .  
3 4 4  
T .  D .  S t  G e o r g e  e t  a t .  
I n  h a l f  t h e  s e n t i n e l s ,  t h e  f i r s t  s i g n  n o t i c e d  w a s  a  s l i g h t  c h a n g e  i n  u s u a l  b e h a v i o u r  6 - 1 2  h  
p r i o r  t o  o v e r t  c l i n i c a l  s i g n s  o f  m i l d  t o  m o d e r a t e l y  s e v e r e  e p h e m e r a l  f e v e r .  T h e  c h a n g e  
c o u l d  b e  a  t e n d e n c y  t o  l e a v e  t h e  m a i n  g r o u p  o f  t h e  g r a z i n g  h e r d  o r  t o  c o m e  t o  m i l k i n g  
i n  d i f f e r e n t  o r d e r  f r o m  t h e  u s u a l .  T h e  g e n e r a l  p a t t e r n  o f  f e v e r  i s  s h o w n  i n  F i g .  1 .  
T h e  c l i n i c a l  s i g n s  i n  t h e  m i l d  c a s e s  w e r e  i n a p p e t e n c e ,  d e p r e s s i o n ,  a n d  l a m e n e s s  i n  o n e  
l e g ,  o r  g e n e r a l  m u s c u l a r  s t i f f n e s s .  T h e  m o d e r a t e l y  s e v e r e  c a s e s  s h o w e d  m a r k e d  d e p r e s s i o n ,  
n o  i n t e r e s t  i n  f e e d  o r  w a t e r ,  o c u l a r  a n d  n a s a l  d i s c h a r g e ,  m u s c u l a r  f i b r i l l a t i o n  a n d  w e r e  i n  
s t e r n a l  r e c u m b e n c y  f o r  6 - 2 4  h .  A l l  r e c u m b e n t  a n i m a l s  c o u l d  r i s e  i f  s t i m u l a t e d  t o  d o  s o .  
T w o  h e i f e r s  e x h i b i t e d  s i g n s  o f  o e s t r u s  d u r i n g  t h e  1 9 7 3  e p i d e m i c ,  o n e  4  d a y s  b e f o r e  a n d  
o n e  2  d a y s  a f t e r  c l i n i c a l  s i g n s  o f  e p h e m e r a l  f e v e r  w e r e  o b s e r v e d .  E a c h  w a s  i n s e m i n a t e d  
a t  t h a t  o e s t r u s ,  b e c a m e  p r e g n a n t ,  a n d  c a r r i e d  a  n o r m a l  c a l f  t o  t e r m .  A l l  t h e  r e m a i n i n g  
h e i f e r s  c o n c e i v e d  a t  v a r i o u s  i n t e r v a l s  a f t e r  t h e  p e r i o d  o f  c l o s e  o b s e r v a t i o n  a n d  c a l v e d  
n o r m a l l y .  T h e  r e l a t i o n s h i p  b e t w e e n  l y m p h o c y t e  a n d  n e u t r o p h i l  c o u n t s  a n d  p l a s m a  
f i b r i n o g e n  l e v e l s  a n d  c l i n i c a l  e p h e m e r a l  f e v e r  a r e  s h o w n  i n  F i g .  1 .  A n  i n c r e a s e  i n  t h e  
p e r c e n t a g e  o f  i m m a t u r e  n e u t r o p h i l s  a n d  m i l d  d e g e n e r a t i v e  c h a n g e s  t h a t  p e r s i s t e d  f o r  u p  
t o  1 7  d a y s  w e r e  a s s o c i a t e d  w i t h  t h e  f a l l  i n  n e u t r o p h i l  v a l u e s .  
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F i g .  2 .  M e a n  r e c t a l  t e m p e r a t u r e  a n d  l y m p h o c y t e  a n d  n e u t r o p h i l  c o u n t s  i n  r e l a t i o n  t o  m e a n  t o t a l  
s e r u m  c a l c i u m  a n d  m a g n e s i u m  l e v e l s  i n  1 0  s e n t i n e l  c a t t l e  d u r i n g  a n  e p i d e m i c  o f  e p h e m e r a l  f e v e r  i n  
1 9 7 6 .  A s  t h e  c a t t l e  s u f f e r e d  d i s e a s e  o n  d i f f e r e n t  d a t e s ,  t h e  d a y  t h a t  o v e r t  c h a r a c t e r i s t i c  s i g n s  w e r e  
o b s e r v e d  i s  s h o w n  a s  d a y  O .  
1 9 7 6  o u t b r e a k  
T h i s  o u t b r e a k  b e g a n  i n  t h e  P e a c h e s t e r  h e r d  o n  2 6  J a n u a r y  1 9 7 6  a n d  f i n i s h e d  o n  
2 2  F e b r u a r y  1 9 7 6 .  I n  t h e  s e n t i n e l  g r o u p ,  t h e  d u r a t i o n  w a s  f r o m  2 9  J a n u a r y  t o  1 5  F e b r u a r y  
1 9 7 6 .  T e n  o f  t h e  1 2  h e i f e r s  s h o w e d  v e r y  m i l d  t o  m o d e r a t e  c l i n i c a l  s i g n s  o f  e p h e m e r a l  
f e v e r ,  s i m i l a r  t o  t h o s e  o b s e r v e d  i n  1 9 7 3 .  A s  i n  t h a t  o u t b r e a k ,  a l m o s t  i m p e r c e p t i b l e  s i g n s  
w e r e  n o t e d  1 2  h  a h e a d  o f  o v e r t  c l i n i c a l  s i g n s  i n  f i v e  o f  t h e  a n i m a l s .  I n  e a c h  i n s t a n c e ,  a  
f e v e r  a b o v e  4 0 ° C  w a s  n o t e d  i n  a n  e x t r a  o b s e r v a t i o n  a t  t h a t  t i m e .  T h e  r e l a t i o n s h i p  b e t w e e n  
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mean fever and leucocyte counts is shown in Fig. 2. The serum calcium and magnesium 
levels obtained during the 1976 epidemic are also shown in Fig. 2. Haemoglobin levels 
again ranged within normal limits of 10-14 g/dl (Schalm et al. 1975). 
Sentinel cow serology 
In 1973, neutralizing antibodies to BEF virus were found in serum from 11 of the 12 
sentinel animals before clinical illness. The number of serum samples available for test 
depended on the number of days after sampling commenced that the individual animal 
became ill. This period ranged from 3 to 10 days. Titres varied from 1 to 8 in individual 
animals, though the antibody level fell below the level detectable in undiluted serum in 
the neutralization test on the day of illness. Antibody was detected the day recovery 
commenced, and the titre rose rapidly in the succeeding 2-3 days to maximums which 
ranged from 64 to 256. The level of antibody remained approximately stable for the 
remainder of the observation period. 
256 
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Fig. 3. (a) Antibody levels to bovine ephemeral fever (BEF) and Kimberley viruses in the serum 
of a heifer before and after a natural case of ephemeral fever in the 1973 epidemic. The naturally 
infected animal had been infected with Kimberley virus some unknown time earlier than the 3 days 
prior to disease for which samples were available. Day 0 is the first day of overt clinical disease. The 
expected pattern of the experimentally induced antibody to BEF (St George 1981) is added for 
comparison. (b) Antibody responses to BEF and Kimberley viruses of a heifer from which serum 
samples were collected for a prolonged period before the 1976 ephemeral fever epidemic. Day 0 is 
the first day of overt clinical ephemeral fever. 
In 1975-1976, the pattern of antibodies to BEF virus being present before disease was 
repeated in 8 out of 12 of the sentinel cattle. There were more serum samples available 
prior to illness than in the 1973 series, daily sampling having begun 23 days before the 
first clinical case. In individual cattle, neutralizing antibodies to BEF virus were first 
detected in serum samples collected 15 to approximately 63 days before clinical signs of 
ephemeral fever were noted. 
3 4 6  
T .  D .  S 1  G e o r g e  e t  a l .  
I n  b o t h  s e n t i n e l  g r o u p s ,  t h e  c a t t l e  h a d  n e u t r a l i z i n g  a n t i b o d i e s  t o  K i m b e r l e y  v i r u s  a t  
t h e  t i m e  o f  e p h e m e r a l  f e v e r  d i s e a s e .  T h e  t i t r e  v a r i e d  f r o m  3 4  t o  2 5 6  a t  t h e  t i m e  o f  c l i n i c a l  
i l l n e s s  a n d  i n c r e a s e d  o n  t h e  d a y  o f  r e c o v e r y  t o  t i t r e s  o f  2 5 6  t o  1 0 2 4 .  A n  e x a m p l e  o f  t h i s  
p a t t e r n  i s  s h o w n  i n  F i g .  3 a .  T h e  t i m e  o f  s e r o c o n v e r s i o n  o f  t h e  1 9 7 3  g r o u p  w a s  n o t  
e s t a b l i s h e d ,  a s  t o o  f e w  s a m p l e s  w e r e  t a k e n  p r i o r  t o  t h e  o c c u r r e n c e  o f  d i s e a s e .  M e m b e r s  
o f  t h e  1 9 7 6  s e n t i n e l  g r o u p  s e r o c o n v e r t e d  t o  K i m b e r l e y  v i r u s  7  t o  9 0  d a y s  p r i o r  t o  
e x p e r i e n c i n g  e p h e m e r a l  f e v e r .  I n  e a c h  i n s t a n c e  w h e r e  a n t i b o d i e s  t o  B E F  v i r u s  w e r e  d e t e c t e d  
i n  t h e  1 9 7 6  g r o u p ,  t h e  a n i m a l  h a d  s e r o c o n v e r t e d  e a r l i e r  t o  K i m b e r l e y  v i r u s .  A n  e x a m p l e  
o f  t h e  a n t i b o d y  p a t t e r n  s e e n  i n  t h e  1 9 7 6  g r o u p  i s  s h o w n  i n  F i g .  3 b .  
E f f e c t s  o f  T r e a t m e n t  
T h e  t w o  c o w s  a n d  e i g h t  b u l l s  t r e a t e d  o n l y  w i t h  p h e n y l b u t a z o n e  r e c o v e r e d  m o r e  r a p i d l y  
t h a n  s i m i l a r l y  a f f e c t e d  u n t r e a t e d  c a t t l e .  I n  e a c h  c a s e  t h e  a s s e s s m e n t  w a s  m a d e  b y  a  
v e t e r i n a r i a n  q u i t e  f a m i l i a r  w i t h  e p h e m e r a l  f e v e r .  
T h e  r e m a i n i n g  n i n e  a n i m a l s  w h i c h  w e r e  t r e a t e d  w i t h  C B G  p l u s  p h e n y l b u t a z o n e  
c o m p r i s e d  f o u r  c o w s  i n  m i d - l a c t a t i o n  a n d  f i v e  b u l l s .  T h e s e  a n i m a l s  h a d  c l i n i c a l  s i g n s  o f  
h y p o c a l c a e m i a  i n  a d d i t i o n  t o  f e v e r ,  o c u l a r  a n d  n a s a l  d i s c h a r g e ,  r u m i n a l  s t a s i s  a n d  g e n e r a l  
d e p r e s s i o n .  T h e  t w o  c o w s  m o s t  s e v e r e l y  a f f e c t e d  w e r e  i n  l a t e r a l  r e c u m b e n c y  a n d  a l m o s t  
w i t h o u t  r e f l e x  r e s p o n s e s  t o  s t i m u l i .  B o t h  r e s p o n d e d  p r o g r e s s i v e l y  t o  t r e a t m e n t  w i t h  C B G  
i n f u s e d  i n t r a v e n o u s l y  o v e r  1 5  m i n  t o  a  s t a g e  w h e r e  t h e y  c o u l d  s i t  i n  s t e r n a l  r e c u m b e n c y  
a n d  w e r e  a t t e m p t i n g  t o  r i s e  f r o m  t i m e  t o  t i m e .  T h e y  w e r e  c o m p l e t e l y  a l e r t  a n d  r e s p o n s i v e  
t o  a l l  s t i m u l i  a n d  d r a n k  a b o u t  2 0  l i t r e s  o f  w a t e r .  W h e n  r e v i s i t e d  t h e  d a y  a f t e r  t r e a t m e n t  
b o t h  h a d  r e l a p s e d  a n d  t h e y  d i e d  2  d a y s  l a t e r .  
T w o  c o w s  a n d  f o u r  b u l l s  w e r e  i n  s t e r n a l  r e c u m b e n c y  w i t h  h e a d  t u r n i n g  t o ,  o r  r e s t i n g  
o n  o n e  f l a n k ,  w h e n  f i r s t  s e e n .  T h e y  w e r e  q u i t e  u n a b l e  t o  r i s e  t h o u g h  r e a s o n a b l y  m o d e r a t e l y  
a l e r t .  A l l  r e s u m e d  t h e i r  f e e t  w i t h i n  3 0 - 6 0  m i n  o f  t h e  c o m p l e t i o n  o f  t r e a t m e n t .  T h e  
r e m a i n i n g  b u l l  h a d  a  g e n e r a l i z e d  m u s c u l a r  t r e m o r ,  a n  i n c o o r d i n a t e d  g a i t ,  a n d  w a s  v e r y  
r e l u c t a n t  t o  m o v e .  A f t e r  t r e a t m e n t  h e  c o u l d  w a l k  q u i t e  n o r m a l l y  w i t h o u t  c o a x i n g .  
A l l  t h e  a n i m a l s  t r e a t e d  w i t h  C B G  h a d  a  r a p i d ,  s h a l l o w  r e s p i r a t i o n  ( 9 0 - 1 4 0  p e r  m i n )  
a n d  a n  a c c e l e r a t e d  h e a r t  r a t e  ( 1 0 0 - 1 6 0  p e r  m i n ) .  T h e  b r e a t h i n g  s l o w e d  t o  n o r m a l  d u r i n g  
t r e a t m e n t  a n d  t h e  h e a r t  g r a d u a l l y  s l o w e d  a n d  s t r e n g t h e n e d  i n  s o u n d .  
A l l  t h e  c l i n i c a l  c a s e s  h a d  a  n e u t r o p h i l i a  o f  b e t w e e n  1 1  a n d  1 7  X  1 0
9  
p e r  l i t r e .  N e u t r a l i z i n g  
a n t i b o d i e s  t o  B E F  v i r u s  r o s e  i n  s e r u m  s a m p l e s  t a k e n  o n  s u c c e s s i v e  d a y s ,  o r  o n  r e c o v e r y .  
B E F  v i r u s  w a s  i s o l a t e d  f r o m  t h e  b l o o d  o f  e i g h t  o f  t h e  1 9  c a s e s .  
D i s c u s s i o n  
O n  t w o  o c c a s i o n s  t h e  o b j e c t i v e  o f  m a k i n g  c l i n i c a l  o b s e r v a t i o n s  a n d  c o l l e c t i n g  b l o o d  
s a m p l e s  f r o m  i n d i v i d u a l  s e n t i n e l  c a t t l e  b e f o r e ,  d u r i n g ,  a n d  a f t e r  e p h e m e r a l  f e v e r  o c c u r r e d  
w a s  a c h i e v e d .  T h e  c l o s e  o b s e r v a t i o n  t h a t  t h e  s e n t i n e l  g r o u p s  w e r e  u n d e r  d i s c l o s e d  t h a t  
t h e r e  w e r e  e a r l y ,  a l m o s t  i m p e r c e p t i b l e ,  c l i n i c a l  s i g n s  w h i c h  c o u l d  b e  r e l i a b l y  d e t e c t e d  o n l y  
b y  a n  o b s e r v e r  c o m p l e t e l y  f a m i l i a r  w i t h  t h e  c a t t l e  a n d  t h a t  t h e s e  s i g n s  w e r e  a c c o m p a n i e d  
b y  f e v e r .  T h e  c h a r a c t e r i s t i c  s i g n s  o f  e p h e m e r a l  f e v e r  d e v e l o p e d  l a t e r ,  a n d  w e r e  c o n s i s t e n t  
w i t h  t h o s e  w h i c h  h a v e  b e e n  p r e v i o u s l y  r e p o r t e d  b y  v a r i o u s  w o r k e r s  ( S e d d o n  1 9 3 8 ;  
M a c k e r r a s  e t  a l .  1 9 4 0 ;  v a n  d e r  W e s t h u i z e n  1 9 6 7 ;  I n a b a  1 9 6 8 ;  S n o w d o n  1 9 7 1 ) .  
L e u c o c y t e  v a l u e s  c h a n g e d  i n  a  c h a r a c t e r i s t i c  p a t t e r n  ( F i g s  1  a n d  2 ) .  T h e r e  w a s  a  d e c l i n e  
i n  t h e  l y m p h o c y t e  c o u n t  f r o m  a  m e a n  o f  1 0  X  1 0
9  
p e r  l i t r e  2  d a y s  b e f o r e  t h e  o n s e t  o f  
c l i n i c a l  s i g n s  t o  m e a n s  o f  5 - 7  X  1 0
9  
p e r  l i t r e  o n  t h e  d a y  o f  t h e  f e v e r  p e a k .  I n  c o n t r a s t ,  t h e  
n e u t r o p h i l  c o u n t  r o s e ,  a n d  m e a n  m a x i m u m  v a l u e s  o f  9 · 6  a n d  1 2 · 5  X  1 0
9  
p e r  l i t r e  w e r e  
r e c o r d e d  i n  t h e  1 9 7 3  a n d  1 9 7 6  o u t b r e a k s ,  r e s p e c t i v e l y .  T h e  p e a k  a n d  t r o u g h  w e r e  r e c i p r o c a l  
a n d  o c c u r r e d  w h e n  c l i n i c a l  s i g n s  w e r e  p r e s e n t .  
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This pattern of neutrophilia in assocIatIOn with fever overshadowing the relative 
lymphopenia (Figs 1 and 2) is in accord with the pattern illustrated by Mackerras et al. 
(1940) and Inaba et at. (1963). The subsequent fall in neutrophil values associated with 
the increase in immature forms probably reflects the emigration of neutrophils from the 
blood stream to the site of inflammation. 
The plasma fibrinogen levels (Fig. 1) which rose rapidly and reached a maximum level 
the day after the febrile peak fell gradually over the next 4 days. The fibrinogen level had 
not returned to preclinical levels by the end of the observation period. The preclinical 
levels lay within the range of 6 . 0-8 . 0 gil and the higher levels of 19 gil were consistent 
with the levels reported by McSherry et al. (1970) for inflammatory disease. This adds 
support to the statement by Mackerras et al. (1940) that, in ephemeral fever, the 
histopathologic changes in the endothelium of small blood vessels were inflammatory in 
nature. 
The serum calcium and magnesium levels varied in a consistent pattern in members 
of the 1976 sentinel group. The serum calcium level (Fig. 2) declined on the day of clinical 
disease and reached its lowest point on the second day of disease but returned during the 
next 4 days to preclinical levels. The mean level of 2 ' 13 mmoljl is only slightly below 
the lower level of the normal range of 2·25-2·75 mmoili. In post-parturient hypocalcaemia 
much lower levels, even as low as 1 ·0 mmoljl, have been recorded (Moodie and Robertson 
1961). Severe clinical signs similar to post-parturient hypocalcaemia were absent from the 
sentinel cattle at Peachester. The only signs in them which could be directly attributable 
to lowered serum calcium levels (Fig. 2) were muscle fasiculation. However, clinical signs 
characteristic of hypocalcaemia were present in the more severe cases that were treated 
on other farms and are consistent with those described by Blood and Henderson (1974). 
The values of serum calcium of 1 ·95-2· 12 mmoljl which were recorded in the cattle with 
signs of hypocalcaemia were lower than those of the sentinel cattle and were below the 
normal range. The severity of the signs was inconsistent with the calcium levels, unless 
most of the decrease was in the ionized fraction. The reason for the lowered serum calcium 
levels is not known, but a respiratory acidosis may have been induced by the rapid 
respiration and this may have affected the ionized calcium level. No direct measurements 
could be made at the time to test this hypothesis. Ruminal stasis and hypomotility of the 
digestive tract (Moodie and Robertson 1962) also may have contributed to the lower serum 
calcium levels, by reducing calcium intake, but are not likely to be initiating causes. 
The isolation of BEF virus from blood samples taken during clinical disease could not 
be attempted from all cattle due to lack of resources at the time. In the remaining cases, 
confirmation of the disease as ephemeral fever depended on a rise in neutralizing antibodies 
to BEF virus after clinical disease and the demonstration of a neutrophilia. However, the 
characteristic clinical signs and the epidemic situation left no doubt that the diagnosis 
was correct. 
The presence of neutralizing antibodies to BEF virus in sentinel cattle prior to their 
becoming clinically ill indicated that this antibody was either not protective in vivo or was 
present at an inadequate level. This finding in 1973 led to blood samples of sentinel cattle 
being taken over a protracted period prior to the 1976 epidemic. The explanation was 
provided very much in retrospect by testing of the stored sera with Kimberley virus isolated 
elsewhere. This antigenically related virus (Cybinski and Zakrzewski 1983) must have 
infected the sentinel cattle prior to their infection with BEF virus. As well as inducing 
specific antibodies it is highly probable that it also caused the production of heterotypic 
antibodies which were detectable in a neutralization test by BEF virus. This prior infection 
may have also sensitized the cattle so that the pattern of antibody response to BEF virus 
and to Kimberley virus following ephemeral fever disease was secondary, not primary, 
and commenced on the second day of overt illness. Kimberley virus has been isolated 
only from healthy sentinel cattle, or insects, and has caused no clinical disease when 
experimentally inoculated into cattle (Cybinski and Zakrzewski 1983; St George, 
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unpublished data). This rapid rise in antibody to BEF virus was found in 18 out of 22 
of the natural cases at Peachester, where sequential daily blood samples were taken following 
clinical illness. In experimental ephemeral fever, the antibody response is first detected 
2-3 days after recovery, and the titre rises slowly to a maximum a further 6 days later 
(St George 1980). What part an accelerated antibody rise plays in recovery in natural cases 
is uncertain, as the experimental and field cases are otherwise very similar in their clinical 
course. 
The development of antibodies to BEF virus in cattle as a result of infection with 
Kimberley virus casts some doubt on conclusions of Snowdon (1971) and St George (1980) 
who attributed all antibodies detected by BEF virus in serological surveys to infection with 
that virus. . 
The treatment procedures were not controlled and were assessed subjectively. Once a 
favourable response had been seen with the first treatments, it was decided on ethical 
grounds to treat all cases. The beneficial effect of phenylbutazone could be assessed only 
in general terms of apparent improvement over some hours. In contrast; the response to 
injected CBG was immediate and relieved specific clinical signs in the same pattern seen 
in post-parturient hypocalcaemia. The lactating cows were all in their first lactation and 
had calved 3-4 months previously. Thus the hypocalcaemia could not be attributed to 
post-parturient hypocalcaemia. Recent observations by Davis et at. (1984) have 
demonstrated that milk yields diminish precipitously before overt clinical signs of 
ephemeral fever are noticed. The lowest levels of serum calcium in non-lactating sentinel 
cattle (Fig. 2) occurred on the second day of overt disease. Thus a demand for calcium 
by the udder for milk secretion (Kronfeld 1971), one of the important metabolic 
requirements for calcium, cannot be the explanation of the fall in serum calcium levels 
in non-lactating cows, nor of the clinical signs of hypocalcaemia in lactating cows, as milk 
production had almost ceased by the time clinical signs were well developed. Additionally, 
signs of hypocalcaemia and a response to specific treatment were observed in bulls. 
In summary, the clinical signs of ephemeral fever appear to be associated with 
inflammation, plus a hypocalcaemia. The neutrophilia, the rise in serum fibrinogen and 
the fall in serum calcium are objective supporting evidence. Those biochemical estimations 
support the rationality of the treatment which was carried out on clinical cases on an 
empirical basis. 
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This report was wri tten by Mr. St. George w1th the object of provi di ng a 
progress report to veterinari ans that another ephemeral fever epi demi c 
was mov ing south i n  the pattern of previ ous outbreaks.  The i nformati on 
was assembled from sentinel herd data and the resources of the 
Departments of Agriculture or Primary Industries • 
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A REPORT ON THE PROGRESS OF THE 1972/73 EPIZOOTIC OF EPHEMERAL 
FEVER - 1 DECEMBER 1972 TO 30 APRIL 1973 
There have been major epizmtics of ephemeral fever officers by the departments contributing to this report, 
in Australia in 1936/37, 1955/56 (Seddon 1966), and from personal experience. However, undoubtedly 
1967168 (Murray 1970) and 1970171 (unpublished data) there will have been other outbreaks not brought to 
in which the disease spread southward from the northern our notice. In some instances blood or serum samples 
part of Australia. In the interepizootic period, the disease have been submitted for laboratory confirmation, by 
has occurred sporadically in an ill defined area of the transmission of the virus to cattle or to mice, or by 
northern parts of Queensland, Northern Territory and tissue culture neutralisation tests on  samples drawn from 
the Kimberley region of Western Australia. Since the single animals with clinical disease during acute and 
1970/71 epizootic subsided, this pattern of sporadic convalescent stages, and from the change in the antibody 
occurrence of clinical cases has been repeated. It has status of groups of animals in Western Australia, 
been shown by serial serological tests in selected herds Northern Territory. Queensland and New South Wales, 
in the north that infection with ephemeral fever virus which have been senally bled in a “sentinel herd’’ 
can also occur in the northern area in a “silent” form scheme, which scheme will be described in detail else- 
(St. George, unpublished data). where. 
The clinical information presented here has been The present epizootic began in December 1972 when 






Fi ure 1. The map shows the distribution of reported outbreaks of ephemeral fever between 1 December 
19% and 30 April 1973. The approximate boundary of the epizootic areas la indicated at monthly intervals. 
Sporadic ceses did occur outside these boundaries, particularly in New South Wales. 
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stations in the southern half of Cape York Peninsula, 
in an area midway between Georgetown and Hughenden 
and as far south as Hughenden. In late December cases 
were confirmed in herds close to  Darwin but an 
epizootic on the pattern of 1967 did not follow these 
outbreaks in the Northern Temtory. In Queensland, 
the epizootic continued to  develop in January 1973 with 
an increase in the incidence in individual herds and the 
numbers of herds affected. The incidence could have 
been higher than reported, since in the far northern 
areas the cattle may not be worked or even seen in the 
wet season. The major spread is demonstrated on the 
map (Figure 1). The scale of the map does not allow 
the plotting of more than a proportion of the reported 
outbreaks in Queensland. The spread southward and 
westward in Queensland seems to be associated with the 
spread in the southern half of the Northern Territory 
and the extension into north western New South Wales. 
The first appearances of ephemeral fever in the coastal 
areas of Queensland were as extensions from adjacent 
inland areas eastwards rather than a spread southward 
down the coastal strip. This is a similar pattern to  that 
which occurred in epizootics in 1967168 (Murray 1970), 
and also in 19'70171, though in both those epizootics 
the spread occurred in different months. At the end of 
April, the only areas of Queensland from which cases 
had not been reported were lower Mary River and 
Burnett River Valleys, the eastern Darling Downs and 
Goondiwindi areas. 
A separate, but limited, epizootic occurred around 
the Hunter River Valley of New South Wales. Sporadic 
cases were reported in December 1972 but the next 
cases were not reported from this area until March 
1973. By the end of April about 25% of the farms in 
the Denman-Muswellbrook area had at  least three or 
four cases. Scattered cases, o r  very small outbreaks, 
occurred at various times from December to April in 
New Fouth Wales, there being outside the restricted 
areas near the Hunter Vallev where the infection could 
be regarded as epizootic. There was no obvious con- 
nection linking the epizootic areas in New South Wales 
in the north west of the State and the Hunter River 
area but there seems no doubt that saoradic outbreaks 
can occur well ahead of an epizootic front. 
T h u e h  sporadic cases have occurred in Derby in the 
West Kimberley area of Western Australia the disease 
has not assumed the form of an epizootic. N o  cases of 
ephemeral fever have been confirmed in South Australia 
in the period covered by this report, but cattle owners 
in the far northeast of the state reported that clinical 
cases occurred during March and April, 1973. 
Both the incidence of clinical cases within a herd and 
the affected herds within a district have been highly 
variable, from 1-2% to 80%. Thus in the Longreach 
area the incidence was very high in February when 
heavy rain and associated widespread flooding occurred. 
The Emerald area to  the east of Longreach did not 
get heavy rainfall and the high incidence of the disease 
until March. In the Rockhampton and Brisbane areas, 
which were on the fringes of the epizootic area at the 
closing date of this report, the incidence was quite low 
-less than 1%. The points at which there was labora- 
tory confirmation on ephemeral fever are indicated on 
the map so that there is no doubt that the disease 
occurring over the wide geographic area is ephemeral 
fever. However, in some herds in New South Wales 
sporadic bovine encephalitis has occurred and has 
complicated the field picture. 
Insect activity has been very variable, from plague 
proportions at the time of occurrence of clinical disease 
in western Queensland to  very low activity near Brisbane 
and Rockhampton. The identification of insects is in- 
complete at this stage. A comment was made in northern 
New South Wales that outbreaks occurred no further 
than 24 km from a watercourse. The disease has again 
spread to  Magnetic Island across a 5 km width of sea 
where there was no question of cattle movement being 
responsible. 
T. D. ST. GEORGE. M.V.Sc.* 
H. A. STANDFAST,' B;SC.;-. 
J. M. ARMSTRONG, B.V.Sc.t 
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PROSTAGLANDIN F2a FOR SYNCHRONISATION OF OESTRUS IN BEEF C A T n E  
Rowson et a1 ( 1971) reported synchronisation of 
ocstrus with normal fertility following the infusion of 
0.5 mg prostaglandin FZa (PG) into the uterine horn 
on the same side as the functional corpus luteum (iDsi- 
lateral horn). These authors and Lauderdale (1972) 
indicate that PG has no effect on +he corpus luteum in 
the first 4 days of the oestrous cycle, 
The results are presented of three trials in which PO 
was used in an attempt to synchronise oestrus in beef 
cows. Oestrous cows were inseminated with Simmental 
semen. 
In Trial 1, the exrerimental animals consisted of 70 
non-pregnant lactating cows with calves about 3 months 
of age, and 72 non-pregnant dry cows. These cows were 
4 to 7 years of age and mostly in good store condition. 
On ovarian palpation 26 lactating cows and 46 dry cows 
were selected as  having a functional corpus luteum 
(more than 4 days post-oestrus). These were allotted 
at random to three groups and treated as follows:- 
Group 1: Single intra-uterine infusion of 0.5 mg PG in 
Group 2: Intra-uterine infusion of 0.5 mg PG in 1.5 
Group 3: Intra-uterine infusion of 0.25 mg PG in 0.75 
All intra-uterine infusions were to  the ipsilateral horn. 
Eight cows were discarded because of impenetrability of 
the cervix. The results (Table 1)  suggested that 0.5 mg 
Australian Veterinary Journal, Vol. 49, September, 1973 
1.5 ml saline. 
ml saline on 2 successive days. 
ml saline on 2 successive days. 
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THE E P I ZOOT I OLOGY OF B O V I N E  EPHEMERAL FEVER  
I N  AUSTRAL I A  AND  PAPUA NEW  G U I NEA 
BY 
T .D. ST. GEORGE, H .A. STANOFAST, D. G.  CHRISTIE ,  S .G. KNOTT , 
and I .  R. MORGAN 
The documentat i on of epidemic ephemeral fever i s  a major task and 
i nvol ves a cooperative effort by various agencies.  The skel eton of the 
work that ·i s  presented here was the sentinel herd scheme. This scheme 
provided sera for the detection of neutra 1 i zing anti bodies and a record 
of ephemeral fever occurrence in the herds being  sampl ed. The bal ance 
of the i n formation came from the records of the Departments of 
Agri cul ture, or Primary Industries,  of the Austral i an States and Papua­
New Gui nea .  The  paper was written jointly by Mr. St . George and mysel f  
from the accumul ated observations. 
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THE EPIZOOTIOLOGY OF BOVINE EPHEMERAL FEVER IN 
T. D. ST GEORGE*, M.V.Sc., H. A. STANDFAST*, B.Sc., D. G. CHRISTIE?, B.V.Sc., 
S. G. K N O T T ~ ,  B.V.Sc., and I .  R. MORGANS, B.V.Sc. 
AUSTRALIA AND PAPUA -NEW GUINEA 
Introduction 
Bovine ephemeral fever has attracted attention 
in Australia since the first epizootic which began 
in 1936 (Anon 1937; Mulhearn 1937; Seddon 
1938). Most of the study of the epizootiology 
of the disease has been concentrated on this 
first major epizootic and the subsequent epi- 
zootics which occurred in 1955-1956 (described 
by Albiston 1966), 1967-1968 (described by 
Morgan and Murray 1969; Murray 1970; 
Newton and Wheatley 1970) and in 1972-1974 
(described in part by St George et al 1973). The 
Occurrence of ephemeral fever between these 
epizootics has been largely ignored, so much so, 
that the disease has been believed to die out in 
the intervals between epizootics. It is our inten- 
tion to re-examine the epizootiology of ephemeral. 
fever since the first reported occurrence to the 
1967-1 968 epizootic and to describe the epizooti- 
ology in detail since that epizootic. 
Materials and Methods 
Clirrical Data 
Descriptions of outbreaks have been taken from the 
references cited in the introduction, summaries pre- 
pared from periodic reports by officers of the Depart- 
ments of Agriculture or Primary Industries of the States 
and Territories of Australia, reports of the Chief 
Veterinary Officer of Papua-New Guinea, and our own 
direct observations. 
Sero log  v 
The information derived from clinical reports has 
heen supplemented by examination of serum samples 
from cattle and buffaloes in the sentinel herd system 
described in part by Doherty rt (it (19’3). The sentinel 
herd scheme was commenced in 1969 and has con- 
tinued to the present time. The location of the herds 
in each year is shown in Figures 1 to 6 .  The size of 
a group in a particular herd varied from 10 to 20. A 
new group of calves was added each year to provide 
susceptible animals. The sentinel groups were bled 3 
or 4 times a year. The frequency and timing depended 
to a large extent upon climatic conditions, which 
affected the availability of the animals and the access- 
ibility of the stations in northern areas in the wet 
season. A tissue culture neutralisation test developed by 
*CSIRO. Division of Animal Health. Long Pocket Laboratories, 
Private Bag No. 3, P.O.. Indooroopilly, Queensland, 4068. 
$Department of Agriculture, Phillip St., Sydney, New South 
Wales 2000. 
:IDep&trnent of Primary Industries, Brisbane. Queensland. 4000. 
$Department of Agriculture, Treasury Place, Melbourne, 
Victoria. 3000. 
Snowdon (1970) was used to examine serum for 
emphemeral fever antibody. This method was also used 
to test for neutralising antibody in serum collected from 
cattle with acute clinical ephemeral fever and on re- 
covery. The development of neutralising antibody 
between the first and second bleeding, or a rising titre 
in the interval, was taken as evidence of recent infec- 
tion. 
Isokutions of Ephenirral F p w r  Virus 
Strains of ephemeral fever virus were isolated from 
the blood of cattle with clinical ephemeral fever by 
the method of Doherty et ul (1969) and certain of 
these strains were adapted to growth in a baby hamster 
kidney cell line, BHK21, as described by Snowdon 
(1970). These strains were then used in tissue culture 
neutralisation tests of serum collected from the animal 
from which they were isolated. 
ReSUlt6 
Field Reports 
A summary of reports of clinical ephemeral 
fever in epizootic and non-epizootic years is 
given in Table 1. The disease has been observed 
in all the mainland States and Territories of 
Australia. It has never been reported from the 
southern half of Western Australia, most of 
South Australia, Tasmania and the island 
Territories. A minor epizootic occurred once in 
Papua-New Guinea in 1959. 
Inter-epizootic Period 1968-1 970 
After the major epizootic subsided in the 
winter of 1968 no more reports of ephemeral 
fever were received until September of 1969 in 
southern and south-western districts of Queens- 
land, New South Wales, Victoria or South Aus- 
tralia. In the Northern Territory, clinical cases 
were reported from a number of stations on the 
Barkly Tablelands, and to the north of Tennant 
Creek, in August 1969. I n  the period from 
November 1969 to February 1970 scattered 
outbreaks occurred in each of the major dis- 
tricts of the Northern Territorv. I n  Western Aus- 
tralia cases occurred only in the west Kimberley 
areas. They first occurred south of Broome, 
then spread up the Fitzroy River from near 
Derby for about 300km inland. The incidence 
was low, 2% or less, and usually young cattle 
were most affected. 
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1970-1 971 Epizootic 
Ephemeral fever assumed epizootic form in 
Queensland in an area to the south of the Gulf 
of Carpentaria in February 1970. This was 
shortly after a period of very intense rain. Infec- 
tion appeared to spread east, west and south. 
Strains of ephemeral fever virus were isolated 
from typical cases. The disease moved south in 
western Queensland to a line which approximated 
the tropic of Capricorn by April, and then sub- 
sided during the winter (Figure 1). It also spread 
east to the edge of the Atherton Tableland where 
it also subsided for the winter. It was reported 
to reach the coast at Ingham and Bowen in 
February 1970, and progressed down the east 
coast to reach Brisbane in December 1970. To 
the west of the Dividing Range, there was a 
resurgence of the epizootic in November, and it 
was reported from northwestern New South 
Wales in December 1970. The disease appeared 
to move extremely rapidly south in epizootic 
proportions to reach the southern border of New 
South Wales by the end of January 1971 in 
most areas west of the Great Dividing Range. 
The south coast of New South Wales was not 
involved until February-March. The first cases 
in Victoria were noted on 16 January 1971 and 
further cases occurred through January and 
February, but there was an upsurge in March in 
the north-central area bounded by the Murray 
River in the north, and a line through Hopetoun, 
Birchip, Serpentine, Rushworth and Euroa in the 
south. Sporadic cases occurred south of this line 
and in the western districts. The approximate 
southern limits of spread are shown in Figure 2. 
There appeared to be a westward spread from 
the original area in the gulf country of Queens- 
land, across the Barkly Tableland, and into the 
central part o,f the Northern Territory. 
Iiiter-epizootic Period 1971 -1 972 
Ephemeral fever appeared to subside during 
the winter of 1971 in the eastern states. Some 
sporadic cases were reported in Queensland but 
laboratory tests did not confirm them. There 
were outbreaks reported from the Barkly Table- 
land area of the Northern Territory in June and 
September 1971 and April and May 1972. There 
were scattered outbreaks in various parts of the 
northern half of the Territory in April and May 
1972 some of which were confirmed. In the 
west Kimberleys sporadic cases occurred. There 
was serological evidence of silent infection of 
sentinel animals near Fitzroy Crossing in the 
west Kimberley region and Kununurra in the 
east Kimberleys so that infection was occurring 
over a wide area (Figure 3). The term “silent” 
is defined as meaning that no clinical cases were 
observed under the usual management conditions 
for the area. 
TABLE 1 
















State or Territory 
Wave Hill N.T. 
N.S.W. North Coast 
Qld., N.T., W.A. 








Sth. Old.. N.S.W. . ,  
1947-48 * 
1948-49 * Nth. Qld. 
1949-50 
1951-52 * 
1950-51 Nth. Qld. 
















State or Territory 
W.A. 
Nth: Qld., W.A. 






Qld., N.T., P-NG. 
Nth. (jldi, N.T. 
Sth. Qld., N.T. 
Nth. Old.. W.A. 
N.T 
-. ~- ~. 
1967-68 
1968-69 Qld., N.T., W.A. 
1969-70 Old.. N.T.. W.A.. N.S.W. 
Qld., N.T., W.A., N.S.W., Vic., S.A. 
1970-7 1 Old.: N.T.: W.A.: N.S.W.. Vic. 
1971-72 6ld.i N.T.; W.A.: N.S.W.’ 
1972-73 
1973-74 Old.. N.T.. W.A.. N.S.W.. S.A. 
Qld., N.T., W.A., N.S.W., S.A. 
1974-75 Qld., N.T., W.A., N.S.W. 
*No record of the occurrence of clinical ephemeral fever in t h i s  period. 
of Departments of Agriculture supplemented by the records of those departments. 
This table has been compiled from information derived from Anon (1937) and the Annual Reports 
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1972-1974 Epizootic 
Scattered cases of ephemeral fever were r e  
ported in December 1972 from herds in the 
basin of the Flinders River to the south-east of 
the Gulf of Carpentaria. It was not until mid 
January 1973 that it became apparent that the 
disease was assuming epizootic proportions in 
Queensland. By the end of January cases were 
reported from the area to the south of the Gulf 
of Carpentaria, the Atherton Tableland and the 
coast around Innisfail, and a wide area of central 
Queensland. In February, ephemeral fever was 
reported on the north coast from Daintree to 
Bowen and throughout central Queensland. In 
March the incidence was waning in the Cairns 
district though cases were widespread. 
This southern movement continued so that by 
the end of April all districts of Queensland were 
affected except the area shown in Figure 4 
namely the eastern Darling Downs, the Goondi- 
windi district, southern Burnett and the Mary 
River Valleys. The infected area extended into 
north western New South Wales, north eastern 
south Australia and the Barkly Tableland. The 
disease continued in the affected areas through 
May 1973, but subsided through the winter. 
A separate focus of disease developed in the 
Hunter Valley of New South Wales. As in 
SENTINEL HERDS 1 July 1969 - 30 June 1970 
- " E y  ~ 




'-3? No Antibody lo Ephemeral Fever Virus developed in Ihe sentinel group during this year 
Figure 1. The epizootic of ephemaral fevar which commenced in 
February 1970 reached the approximate l imits shown in May 1970. 
The sentinel herds were all outside the epizootic area at this 
time. 
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Queensland, sporadic cases were noticed in 
December 1972 but a wide-spread occurrence 
was not noted until March-April of 1973. Apart 
from the north-west and Hunter Valley where 
the disease could be regarded as epizootic, scat- 
tered cases occurred in the north-east of the 
State and over a wide area of the western plain 
up to the end of April. On the northwest slopes 
sporadic bovine encephalomyelitis confused 
diagnosis. In  May many ephemeral fever cases 
occurred on the mid north coast and New 
England Tableland with scattered cases further 
down the coast as far as Nowra. 
The epizootic subsided throughout the winter 
in New South Wales and in southern Queensland. 
The spring of 1973 saw a revival of the disease 
in a general north-south sequence. In August, 
cases occurred from Townsville north, in Sep- 
tember in the Rockhampton, Bundaberg and 
Maryborough districts. The onset of moist warm 
weather in October saw a rapid recrudescence of 
disease from Bundaberg south. The last areas to 
experience the disease in southern Queensland 
were affected by March 1974. Throughout, 
Queensland the disease subsided during the 
winter of 1974. 
In New South Wales, there were no outbreaks 
reported from June to September 1973 but 
sporadic Occurrences were noted on the north 
coast, at Tamworth and in the Hunter River 
SENTINEL HERDS 1 July 1970- 30 June 1971 
0 No Antibody lo Ephemeral Fever Virus developed In the senlinel group during this year. port McfnbY 
. ' Sporadic cases occurred In this area 0 
rAsmAuiA 0 . . . . .  Ij Apparent dlmsllon 01 spread 
Figure 2. The epizootic which commenced in 1970 continued after 
the winter to the limits shown. There was serological evidence of 
infection with ephemeral fever virus In ail the sentinel herds. 
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Valley at Maitland, and at Camden. In September 
sporadic occurrences were reported from the 
north west at Rowena and Moree, the far north 
coast and the central western slopes at Young. 
There was an increase in incidence in October 
through to November on the north coast and by 
December 1973 the disease had reached epi- 
zootic proportions. It continued at a high level 
in January 1974 and moved south in mid 
January. The outbreak subsided on the far 
north coast over February while in the mid 
north coast area a second wave occurred. The 
epizootic moved into the Hunter and Manning 
areas where it was confirmed serologically at 
the beginning of March and thence into the 
Sydney metropolitan area and to the near south 
coast to Berry in April. In May it was abating 
in the central coast area but a high percentage 
of herds in the Albion Park and Berry areas on 
the south coast showed clinical signs. 
The disease reached epizootic proportions in 
the Moree area in north central New South 
Wales at the end of January 1974, and the 
disease subsided towards the end of March. It 
extepded at the end of March into the Narrabri 
and Pilliga districts with numerous cases also 
occurring in Coonabarabran distric. Cases were 
reported from Coonamble, Dubbo and Canonba 
areas. The major areas affected are shown in 
Figure 5 .  
SENTINEL HERDS 1 July 1971 - 30 June 1972 
0 No AnUbodr 0 Eph.nmral Fever Virus developed in (h. sentinel prow during thia year uoMy\ 
. . .  . .  . .  .  
' , , , SpDradk ceeee occumd In hb a m  ' . .  
e 
TASMANIA d 
Figure 3. Only scattered outbreaks of clinical ephemaral fever 
occurred in 1971-1972, but the sentinel herds showed that infec- 
tion occurred over a wlde area of northern Australia. 
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It was noted that sporadic cases occurred 
ahead of an epizootic wave and in areas west of 
the Great Dividing Range, apart from the north 
western portion, the disease did not assume 
epizootic proportions. Sporadic bovine encepha- 
lomyelitis caused some problems in differential 
diagnosis in these areas. A few animals which 
were known to have had serum neutralising anti- 
bodies after the previous outbreak in 1971 
developed clinical signs of ephemeral fever in 
this outbreak. 
In the Northern Territory outbreaks occurred 
throughout the winter of 1973, in the Darwin 
and Katherine districts in May, the Katherine 
district in ruly and September, and on the Barkly 
Tableland in September and October 1973. 
Cases cor.r.inued to be reported through the 
summer of 1973-1974 and the winter of 1974 
in a scattered pattern from each of the districts 
of the territory but the disease did not appear 
to sweep in as an epizootic front. 
The north-east quarter of South Australia had 
scattered cases but it was uncertain what the 
incidence was in this remote lightly stocked area. 
The furthest south that the disease was reported 
was Gidgealpa on the Birdsville Track. The 
detection of neutralising antibody in young 
cattle from various herds of the area amply con- 
SENTINEL HERDS 1 July 1972 - 30 June 1973 
alb.onD.wr( 
SOUTH AUSTRALIA WESTERN AUSTRALIA 
0 
TASMANIA w 
Figure 4. An epizootic which began in December 1972 spread to 
the limits shown, by the onset of winter in 1973. The sentinel 
herds amply confirmed that infection with ephemeral fever was 
widespread. A separate focus occurred In the Hunter Valley area. 
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firmed that the disease had been present. 
Neutralising antibody was found in cattle as far 
south as Maree. A clear picture of the incidence 
of the disease in the northern part of Western 
Australia was not obtained, but the disease did 
occur sporadically in the Kimberley region dur- 
ing the period of the epizootic in the eastern 
states. 
July 1974-April 1975 
Except in the Northern Territory and west 
Kimberley area of Western Australia where 
sporadic cases occurred, ephemeral fever was 
quiescent from the onset of the winter of 1974. 
No reports were received of occurrences in 
Queensland from June to September 1974 but 
then scattered reports from the area to the south 
of the Gulf of Carpentaria were received in 
December 1974. In early 1975 ephemeral fever 
again became epizootic in northern Queensland 
and by March scattered clinical cases were re- 
ported on the east coast and in the far west 
almost as far south as the border. Again a 
separate focus, confirmed serologically, appeared 
to have developed in the Hunter Valley of New 
South Wales. Sporadic cases occurred in north- 
ern New South Wales but only one was con- 
firmed. Within the epizootic area shown in 
SENTINEL HERDS 1 July 1973 - 30 June 1974 
No Antibody to Eptmrneral k w r  Virw dovelopad in me sentimi group during this yew 
ilm.1. ~ u ( h . r n  limn of .pizootic sprood In 1973 1074 
Figure 5 Clinical infection subsided in northern Australia though 
the sentinel herds showed that infection with ephemeral fever 
virus was wida-spread The disease occurred in epizootic form i n  
the shaded area of N.S.W. 
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Figure 6, there was a low incidence of disease 
and the epizootic lacked the form of an advanc- 
ing front. 
Zsolutions of Virus 
Ephemeral fever virus was isolated from 82 
of 329 cattle with clinical disease. Two of the 
cows, which had typical ephemeral fever 
(Walthall, personal communication), and from 
which strains of ephemeral virus were isolated 
did not develop antibody to the standard strain 
(used in neutralisation tests) but did so to their 
homologous strains. 
Of the 82 strains, 21 (23%) produced para- 
lysis in the mice into which they were inoculated 
and sixty-one (77%) only after one blind pas- 
sage. No strains were isolated after two or more 
blind passages in mice. Strains were isolated 
predominantly from cattle which became sick 
in the summer months but were also isolated 
from cases that occurred in all months of the 
year except July and August. The strains 
originated from the Northern Territory, Queens- 
land and New South Wales and were isolated 
in each of the years between 1970 and 1975 
except 1972. No virus other than ephemeral 
SENTINEL HERDS 1 July 1974 - 30 April 1975 
1 TERRITORY ' Ju'ilc 
Figure 6. A new epizootic began in December 1974 with an 
apparent origin to the south of the Gulf of Carpentaria. Though 
scattered cases occurred in most of Queensland, epizootic spread 
occurred only within the approximate limits shown on the map. 
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fever virus was isolated from cattle with clinical 
signs of ephemeral fever. 
Sentinel Herds 
In the interval between the collection of 
sequential blood samples from individual cattle, 
neutralising antibody developed in certain 
herds. The development of antibody in sentinel 
herds summarised on an annual basis is shown 
in Figures 1 to 6. 
Two major patterns of antibody development 
were evident within individual herds. The first 
pattern was the conversion to a positive status 
of the majority of the animals in a sentinel group 
in association with an epizootic movement of 
ephemeral fever as occurred in 1970-1972, 
1972-1974 and again in 1974-1975. In three 
herds, individual cattle became infected with 
ephemeral fever virus, as judged by development 
of antibody, 3-5 months before clinical disease 
was suspected in the herd or in the district. The 
majority of sentinel animals in these herds 
developed antibody to ephemeral fever virus 
following the passage of the epizootic through 
the herd. More animals developed antibody in 
sentinel groups than were observed with clinical 
disease. 
The second major pattern was in keeping with 
the disease being enzootic in the area where the 
sentinel herd was located. For instance, in the 
sentinel herd near Burketown it took approx- 
imately 3 years for all members of a group of 
20 cattle to develop antibody to ephemeral fever 
virus. During this time sporadic cases did occur 
elsewhere on the station but no epizootic passed 
through the herd in this time. The herds with 
this enzootic pattern of disease were in the 
northern part of the Northern Territory and near 
the Gulf of Carpentaria. The herds in the 
Kimberley region of Western Australia were not 
bled with sufficient regularity to clearly mark 
them as demonstrating an enzootic pattern, but 
did develop ephemeral fever antibody each year 
that they were sampled. 
Within the level of accuracy of this survey, 
ephemeral fever was shown to be continuously 
active in cattle in northern Australia since 1969. 
In some sentinel groups under good observation, 
antibody to ephemeral fever virus developed 
without accompanying disease thus indicating 
that infection can be silent. 
personal communication). None of these cases 
has been confirmed. The results of antibody 
surveys of buffaloes in the Northern Territory 
are shown in Table 2. Thus neutralising antibody 
to ephemeral fever virus has developed in the 
serum of young sentinel buffaloes collected 
week!y at Beatrice Hill, Northern Territory 
without accompanying clinical disease. 
Discussion 
Although ephemeral fever has occurred in 
every month of the year it is predominantly a 
disease of the summer months. Thus it is easier 
to use a yearly interval from July to June in 
describing outbreaks than calendar years. This 
period has been used in our descriptions of 
epizootiology and with the periods covered by 
the reports used as the major sources for Table 1 .  
Our re-examination of the published and un- 
published reports of outbreaks of ephemeral 
fever, clearly showed that clinical disease did 
not disappear from notice between the epizootics 
of 1936-37, 1955-56 and 1967-68 as has been 
supposed. Some of the outbreaks in the inter- 
epizootic periods were quite extensive but most 
were unconfirmed by laboratory procedures. 
However, this same criticism applies to all the 
descriptions of the major epizootics. Five of the 
9 years following 1936-1937 were war years 
when Annual Reports were very brief. It would 
not be surprising if outbreaks were not recorded 
by the reduced staff of those years. However, 
conversations with veterinarians closely associated 
with the cattle indugtry of the north in this period 
suggest that the diqease was quiescent. Reports 
of outbreaks since 1967 are more frequent. This 
may be due in part to better retlorting. 
In the 31 years prior to the 1967-68 epizootic, 
there were two major epizootics but in the 7 
years since there have been two distinct epi- 
zootics plus one in progress at present. The 
1967-68 epizootic appeared to originate near 
Darwin (Murray 1970) but the succeeding epi- 
TABLE 2 
Suri*eys of Bu.flaIoes in the Northerti Territory for 
Serum Neutrulising Ant ibody  to Ephemeral Fever Virus 
~~~ ~ ~ 
No. No. with 
Year Sex and Age Tested Antibody Percentage 
1970 Bulls over 4 years 43 26 60 
1973 Cows and bulls over 
Buffaloes 4 years 89 28 31 
Clinical ephemeral fever has been suspected 1974 COWS less than 2 yrs 877 55 6 
Total 1009 109 1 1  in buffaloes in the Northern Territory at times, particularly in domesticated buffaloes (Rideout, 
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zootics developed, as such, in an area of Queens- 
land to the south of the Gulf of Carpentaria and 
radiated from there. 
In  Queensland, the epizootic waves appear to 
move southward, west of the Great Dividing 
Range more rapidly than down the east coast. 
This has been demonstrated on maps by Newton 
et a1 (1970), Murray (1970), St George et at 
(1973). Virtually all areas of the State were 
affected in 1970-71 and 1972-74 but the in- 
cidence of clinical cases and the severity of 
clinical signs was highly variable. It was notable 
that reports in one area would suggest that the 
disease was more severe than during a previous 
epizootic and others the reverse. There was no 
fixed trend to suggest that the virus is generally 
altering in virulence. 
In New South Wales, the pattern of spread 
has varied in each of the major epizootics. Thus 
the area affected in 1973-74 (Figure 5 )  re- 
sembled that of 1937 (Seddon 1938) while the 
area affected in 1971 (Figure 2) resembled the 
pattern of 1956 (Albiston 1966) and 1968 
(Murray 1970). A separate epizootic focus has 
developed in the Hunter River Valley in central 
New South Wales on two occasions, 1973 and 
1975, each time shortly after the recrudescence 
of clinical disease in the country to the south 
of the Gulf of Carpentaria in Queensland. This 
may be the result of a residual focus of infection 
from an earlier epizootic or the movement of 
infected insects or cattle into a specially favour- 
able area or else the enzootic area of the infec- 
tion in a silent form may be further south than 
clinical reports or our sentinel herds have dis- 
closed. The sentinel herds in New South Wales 
(Figure 5)  which all lay outside the epizootic 
area in 1973-74 did not develop neutralising 
antibody to ephemeral fever virus. 
Herds in Victoria appear to be affected only 
when those in adjacent areas of New South 
Wales are also affected. Morbidity is generally 
very low except in parts of the Murray Valley. 
This may mean that the southern limit of the 
vector has been reached. The southern limit of 
a vector could be expected to vary with seasonal 
conditions from year to year. 
St George et a1 (1973) reported that clinical 
cases had been reported in the north east of 
South Australia. Fearn (personal communica- 
tion) has since advised that serological confirma- 
tion of the occurrence of infection with ephe- 
meral fever virus had been obtained from cattle 
in the area where clinical cases occurred and 
also beyond this area. 
The situation in the Northern Territory differs. 
Outbreaks have been reported more or less 
continually since 1967-68. The sporadic out- 
breaks in 1970 and 1973 have been over- 
shadowed (Figures 2 and 4) by apparent 
epizootic waves following the Queensland 
epizootics. 
In Western Australia ephemeral fever has 
occurred only in the Kimberley region. I% 
clinical ephemeral fever has been reported south 
of the Kimberley region and no serum samples 
from outside this area of Western Australia 
have had ephemeral fever antibody (Armstrong, 
personal communication). Since 1968, it appears 
to have occurred sporadically every year in the 
Kimberley area reflecting more of an enzootic 
pattern. Since the cattle are poorly supervised 
in the wet season, cases could easily be un- 
observed at this time even if they occurred in 
large numbers. However, the sentinel herds in 
the Ord River area in the east Kimberleys and 
300km east of Derby in the west Kimberleys 
have shown serological evidence of infection 
with the virus each year that they have been 
sampled, without clinical disease being observed 
in them. 
The testing of the sentinel herds has demon- 
strated that ephemeral fever virus infection has 
occurred continuously since 1969 in 3 areas in 
the far north, namely to the south of the Gulf 
of Carpentaria in Queensland, the northern part 
of the Northern Territory and probably the 
Kimberley region of Western Australia. Where 
infection occurs each year in the sentinel group 
most or all of the infection is silent, under the 
degree of observation normal for the herd in 
question. This does not mean that clinical cases 
could not have occurred but that they were not 
observed. Also, there was a pattern for anti- 
body detection in the sentinel group to be 
demonstrated over a protracted period, rather 
than in step with the passage of an epizootic 
characteristic of herds further south, No 
boundary for the enzootic area can be suggested. 
Our failure to find antibody in the 3 sentinel 
herds in Papua-New Guinea supports the per- 
sonal communication from the Chief Veterinary 
Officer that clinical ephemeral fever has not 
occurred in that country since 1959. Thus 
Papua-New Guinea is an unlikely source of 
infection for Australia. 
Several alternative reasons for the greater 
frequency of epizootic movements since 1967- 
68 can be suggested. There could be genetic 
variation of the virus; more suitable conditions 
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for the vector since then; or a larger susceptible 
population in the eastern states (Anon 1973). 
We have no information on the general antigenic 
nature of the virus except that two strains were 
isolated from cattle which did not develop anti- 
body to the standard strain but did so to their 
homologous strain. Snowdon (personal com- 
munication) produced typical ephemeral fever 
with one of these two variant strains and an anti- 
body response to the standard strain of ephe- 
meral fever virus in the recipient cow. 
The seasons have been good in northern Aus- 
tralia, with local exceptions since 1968. Good 
rainfall improves conditions for insect vectors 
as well as for cattle. The cattle population has 
been rising rapidly in Queensland from a trough 
associated with droughts in 1966 and 1967. 
The age structure of cattle in the southern part 
of Queensland has also altered to provide a 
larger number and proportion of cattle under one 
year of age (Anon 1973). 
Tile role of buffaloes as a reservoir has been 
largely ignored. Legg (1  938) suggested that 
ephemeral fever could have been latent in 
buffaloes for many years and not have entered 
the country just prior to the 1936 outbreak. 
There are over 100,000 buffaloes (Cuff 1970) 
concentrated in the high rainfall area of the 
northern part of the Northern Territory and they 
have existed there since the first introduction 
from Asia in 1825 (Letts 1962). The last re- 
ported introduction was in 1886. The cattle 
numbers built up much later from the south to 
reach the area inhabited by buffaloes and then 
formed a continuous population with them. The 
importance of the development of a continuous 
population can be illustrated by an example of 
another parasite which is also totally dependent 
on the presence of cattle and buffaloes, namely 
the buffalo fly (Siphona exigua), whose history 
is described by Albiston (1967). Buffalo fly 
was introduced into Melville Island in 1825 and 
from there reached the mainland of the Northern 
Territory in 1849 but it was not until 1928 that 
it reached Queensland. Thus it took a period 
of 79 years to travel about 1,000km under 
climatic conditions where it now flourishes. Tt 
then took only 15 years to extend from the far 
north west of Queensland to the east coast, about 
1,600km. 
Clinical ephemeral fever has been suspected in 
domesticated buffaloes in the Northern Territory 
but never confirmed (Rideout personal com- 
munication). Serological surveys (Table 2)  have 
shown an incidence of antibody from 6 to 60%. 
Since 90% of those sera which have been titra- 
ted have titres of less than 5, the specificity 
could be doubted. However, Snowdon (1971) 
reported that antibody titres in 57.6% of sera 
collected from cattle in herds in central Queens- 
land and northern New South Wales prior to the 
1967-68 epizootic had titres of less than 5 
whereas only 9.9% of sera from cattle in those 
same herds had such low titres following that 
epizootic. The titres prior to 1967 were pre- 
sumed to be the result of subclinical infections. 
Whether low titres are characteristic of silent 
infection is unknown. 
Indirect evidence presented by Seddon (1938), 
Murray (1970) and Mackerras et a1 (1940) sup- 
port the idea that ephemeral fever virus is spread 
by a flying arthropod in Australia. We have 
observed a similar rapid north south sequence of 
reports of clinical disease and the appearance of 
disease on offshore islands without cattle move- 
ment. However the detection of subclinical in- 
fection well ahead of clinical disease suggests 
that infected insects arrive much earlier than has 
been supposed. 
Mouse adapted ephemeral fever virus has been 
shown to multiply in two species of Culicoides 
which were fed mixtures containing virus in the 
laboratory by Standfast (unpublished data). The 
virus also appears to regain some of the wild 
characteristics in this passage through Culicoides 
rnarkyi and hrevitarsis. I t  appear; to behave 
similarly in one species of mosquito, Culex 
ai.rnu1irostri.v. The distribution of Culicoides 
marksi (Murray 1975) and Culex annutirostris 
extend over the furthest range of ephemeral 
fever but the range of Culicoides brevitursis is 
much more restricted. Each of these species of 
insect will feed on cattle and buffaloes and it is 
possible that there is more than one insect vector. 
Until the virus is isolated from a wild caught 
arthropod in Australia further speculation is 
pointless. Ephemeral fever virus was isolated 
from a pool of 5 different species of Culicoides 
in Kenya (Davies and Walker 1974) but only 
one of these is closely related to a species (C. 
brevitar.ris) in Australia (Dyce, personal com- 
munication). 
It is important that a continuing study be 
made of the epidemiology of ephemeral fever 
and that outbreaks be recorded. This must be 
backed up by the confirmation of clinical cases 
whenever possible. Once ephemeral fever virus 
is isolated from a wild-caught insect the distri- 
bution of that insect must account for all the 
outbreaks otherwise the search must continue for 
further vectors. It should be emphasised that the 
isolation of virus from a wild-caught insect does 
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E P I DEMI OLOGY  OF EPHEMERAL FEVER OF  CATTLE 
IN AUSTRAL I A  1975-198 1 .  
BY 
M .F . UREN, T .D .  ST .GEORGE and R .S.  STRANGER 
This assessment of the epi demiol ogy of ephemeral fever in Austral i a  
covers the period s i nce the previ ous paper on the subject by T . D .  
St .George , H .A .  Standfast ,  D . G .  Chr ist ie ,  S .G .  Knott and I .R .  Morgan and 
was based on data accumul ated in the sentinel herd system by 
Mr . St .George . Thi s  data consisted of cl i n i  cal observat ions , serol ogy 
and some vi rol ogy . The co-authors and cooperators suppl i ed addit ional 
data . The paper was written by me as a modi f i ed form of the paper on 
the same subject presented at the 2nd Austra l i an Arbovirus Sympos i urn • 
. . . . . /!�� · · · · 
M .F .  Uren (Author ) Date : 
· · · · · · · · · · · · · · · · · · · · · · · · · · ·  
I agree with the statement made by Mr . Uren • 
. l?. .': ?>:t .l. 9. -� . . . . .  
Date :  V. 
Additional Comments : 
. . . . Y :\)� J.C: -::'5./:.v . . . . . .  . 
R .s . Stranger(iCo-Author ) 
----------------,-------------------~~.---------------
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A b s t r a c t  
E p h e m e r a l  f e v e r  o c c u r r e d  e a c h  y e a r  i n  A u s t r a l i a  b e t w e e n  1 9 7 5  a n d  1 9 8 1 .  S i n c e  t h e  1 9 7 4 - 7 5  e p i d e m i c ,  
e p h e m e r a l  f e v e r  o u t b r e a k s  h a v e  c h a n g e d  m a r k e d l y  i n  c h a r a c t e r  a n d  p a t t e r n  o f  s p r e a d  f r o m  t h e  p r e -
v i o u s  p a t t e r n  o f  s p a c e d  e x p l o s i v e  e p i d e m i c s .  T h e  o u t b r e a k s  b e t w e e n  1 9 7 5  a n d  1 9 8 1  w e r e  t y p i f i e d  b y  
s l o w e r - m o v i n g  e p i d e m i c s  w i t h  a  g e n e r a l  n o r t h - s o u t h  s e q u e n t i a l  p a t t e r n  i n  t h e  e a s t e r n  S t a t e s  o f  
Q u e e n s l a n d  a n d  N e w  S o u t h  W a l e s .  T h e  s u m m e r  m o n t h s  o f  J a n u a r y  t o  M a r c h  w e r e  p e a k  m o n t h s  
f o r  r e p o r t s  o f  t h e  d i s e a s e  a n d  q u i e s c e n c e  o c c u r r e d  b e t w e e n  M a y  a n d  A u g u s t .  V i c t o r i a ,  T a s m a n i a ,  
S o u t h  A u s t r a l i a  a n d  t h e  s o u t h e r n  p a r t  o f  W e s t e r n  A u s t r a l i a  w e r e  f r e e  o f  c l i n i c a l  a n d  s u b c l i n i c a l  
i n f e c t i o n  w i t h  b o v i n e  e p h e m e r a l  f e v e r  v i r i u s  b e t w e e n  1 9 7 5  a n d  1 9 8 1 .  
E x t r a  k e y w o r d s :  V i r u s  i s o l a t i o n ,  s e r u m  n e u t r a l i z a t i o n ,  s e r o c o n v e r s i o n ,  e x p o r t  r e q u i r e m e n t s ,  
d i s e a s e  l i m i t s .  
I n t r o d u c t i o n  
I n  t h e  p e r i o d  b e f o r e  1 9 7 0 ,  A u s t r a l i a  h a d  e x p e r i e n c e d  o n l y  t h r e e  m a j o r  e p i d e m i c s  
o f  b o v i n e  e p h e m e r a l  f e v e r  i n  3 5  y e a r s :  1 9 3 6 - 3 7  ( M u l h e a r n  1 9 3 7 ;  G r a y  1 9 3 8 ;  S e d d o n  
1 9 3 8 ) ,  1 9 5 5 - 5 6  ( A l b i s t o n  1 9 6 6 ) ,  1 9 6 7 - 6 8  ( d e s c r i b e d  b y  G e e  e t  a l .  1 9 6 9 ;  M o r g a n  a n d  
M u r r a y  1 9 6 9 ;  M u r r a y  1 9 7 0 ;  N e w t o n  a n d  W h e a t l e y  1 9 7 0 ) .  I n  t h e  s u b s e q u e n t  s e v e n  
y e a r s  a  f u r t h e r  t h r e e  m a j o r  e p i d e m i c s  h a v e  o c c u r r e d  ( r e v i e w e d  b y  S t .  G e o r g e  e t  a l .  1 9 7 3 ,  
1 9 7 7 ) .  T h e  1 9 6 7 - 6 8  o u t b r e a k  o f  e p h e m e r a l  f e v e r  h a s  b e e n  b y  f a r  t h e  m o s t  e x p l o s i v e  
a n d  s p e c t a c u l a r  t o  d a t e ,  t h e  d i s e a s e  s w e e p i n g  o v e r  4 8 0 0  k m  i n  5  m o n t h s ,  3 2 0 0  k m  o f  
t h e  d i s t a n c e  i n  7  w e e k s  ( M u r r a y  1 9 7 0 ) .  I n t e r e p i d e m i c  p e r i o d s  h a v e  b e e n  c h a r a c t e r i z e d  
b y  m i n o r  s p o r a d i c  o u t b r e a k s  ( N e w t o n  a n d  W h e a t l e y  1 9 7 0 ;  S n o w d o n  1 9 7 1 ;  S t .  
G e o r g e  e t  a l .  1 9 7 7 ) ,  w h i l e  s e n t i n e l  h e r d  t e s t i n g  h a s  i d e n t i f i e d  a r e a s  i n  t h e  f a r  n o r t h  
w h e r e  s i l e n t  i n f e c t i o n  o c c u r s  c o n t i n u o u s l y  ( S t .  G e o r g e  e t  a l .  1 9 7 7 ) .  A l t h o u g h  t h e  
1 9 6 7 - 6 8  e p i d e m i c  o r i g i n a t e d  n e a r  D a r w i n  ( M u r r a y  1 9 7 0 ) ,  a l l  s u c c e e d i n g  e p i d e m i c s  
i n  t h e  e a s t e r n  S t a t e s  a p p e a r e d  t o  d e v e l o p  i n  a n  a r e a  t o  t h e  s o u t h  o f  t h e  G u l f  o f  
C a r p e n t a r i a  ( S t .  G e o r g e  e t  a l .  1 9 7 7 ) .  T h e  1 9 7 4 - - 7 6  e p i d e m i c  w a s  d e s c r i b e d  i n  p a r t  b y  
S t .  G e o r g e  e t  a l .  ( 1 9 7 7 ) .  T h i s  p a p e r  d e s c r i b e s  t h e  p a t t e r n  o f  e p h e m e r a l  f e v e r  s p r e a d  
f r o m  1  J u l y  1 9 7 5  t o  3 1  A u g u s t  1 9 8 1 .  
M a t e r i a l s  a n d  M e t h o d s  
D a t a  o n  C l i n i c a l  D i s e a s e  
M o s t  o f  t h e  i n f o r m a t i o n  r e l a t i n g  t o  t h e  o c c u r r e n c e  o f  c l i n i c a l  e p h e m e r a l  f e v e r  w a s  d e r i v e d  f r o m  
t h e  p e r i o d i c  r e p o r t s  o f  t h e  D e p a r t m e n t s  o f  A g r i c u l t u r e  o r  P r i m a r y  I n d u s t r i e s  o f  t h e  S t a t e s  o f  A u s t r a l i a ,  
0 0 0 4 - - 9 4 1 7 / 8 3 / 0 1 0 0 9 1 $ 0 2 . 0 0  
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and the Northern Territory. The balance is derived from reports accompanying the blood samples 
collected in the sentinel herd scheme (St. George 1980), and direct observation in the field. 
Serology 
The serum samples examined at Long Pocket Laboratories were collected in part in the sentinel 
herd scheme (St. George 1980). The serological information, which was supplied by State depart-
ments, was derived from testing material from clinical cases, and a large number of healthy animals 
tested for export certification. 
Virus isolation was carried out either by the intracerebral inoculation of mice 1-2 days old or 
BHK21 tissue cultures as described by St. George et al. (1978). 
Virus identifications were made by the microneutralization test in African green monkey kidney 
(Vero) tissue cultures, with an antiserum prepared in rabbits against the BB7721 strain of ephemeral 
fever virus. The technique used was that of Cybinski et al. (1974) with the substitution of the BB7721 
strain (Doherty et al. 1969) of ephemeral fever virus for Akabane virus. 
Results 
The reports of clinical disease are presented in yearly intervals extending from 
1 July to 30 June rather than by the calender year. Table 1 summarizes the supporting 
serological tests conducted on sentinel cattle. Seroconversion refers to the change in 
neutralizing antibody status to ephemeral fever virus from negative to positive in 
consecutive serum samples when tested at a dilution of 1 : 4. 
1975-1976 
During the interval 1975-76, ephemeral fever became epidemic in Queensland and 
New South Wales. This epidemic, concluding with the onset of winter 1975 has been 
described in part by St. George et al. (1977). Ephemeral fever resurged in epidemic 
form in those areas last affected prior to the onset of winter. This was followed by 
outbreaks from Alpha and Rockhampton districts 250 km to the south-east; coinci-
dentally, the disease had become widespread over the Atherton Tableland during 
mid-November. Many of these cases were confirmed by seroconversions in sentinel 
herds (Table 1). With the onset of warmer weather ephemeral fever advanced rapidly 
down the east coast of Queensland and, by December 1975, had become widespread 
in the Brisbane district. Positive seroconversions in a sentinel herd near Ipswich 
confirmed the outbreak there. During the summer months extending into 1976, 
ephemeral fever activity continued at an intense level throughout south-east Queens-
land and, by February, reports of a mild outbreak in the Northern Rivers district 
of New South Wales had been received. 
During this time large areas of Queensland and New South Wales were experiencing 
extensive flooding. Spread of the disease into the Warialda and Moree districts of 
New South Wales occurred during March. Suspected scattered outbreaks occurred 
as far south as Broken Hill. Mortalities were less than 1 %, although milk production 
was severely affected in dairying areas. 
As the activity of ephemeral fever continued unabated over large areas of Queens-
land and northern New South Wales, an apparent separate focus, meantime, had 
developed in the Hunter River Valley of central coastal New South Wales. By the 
end of January 1976, the disease had been extensively reported in the Hunter Valley 
and had begun to erupt in the surrounding districts followed by a rapid spread down 
the south coast of New South Wales. Serologically confirmed clinical disease 
occurred around Sydney during March and early April 1976 with many reports 
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T a b l e  1 .  S e r o c o n v e r s i o n s  t o  b o v i n e  e p h e m e r a l  f e v e r  v i r u s  o f  A u s t r a l i a n  s e n t i n e l  
c a t t l e  f r o m  J u l y  1 9 7 5  t o  J u n e  1 9 8 1  
S e r o c o n v e r s i o n  r e f e r s  t o  t h e  c h a n g e  i n  n e u t r a l i z i n g  a n t i b o d y  s t a t u s  t o  e p h e m e r a l  
f e v e r  v i r u s  f r o m  n e g a t i v e  t o  p o s i t i v e  i n  c o n s e c u t i v e  s e r u m  s a m p l e s  w h e n  t e s t e d  
a t  a  d i l u t i o n  o f  1  :  4  
H a l f  y e a r  
S t a t e  o r  H e r d  l o c a t i o n s  
S e r o -
T e r r i t o r y  
c o n v e r s i o n s
A  
J u l y  1 9 7 5 - N o r t h e r n  T e r r i t o r y  N o r t h - w e s t  
1 4 / 3 5  
D e c .  1 9 7 5  Q u e e n s l a n d  F l i n d e r s  R i v e r  B a s i n  
5 / 3 3  
A t h e r t o n  T a b l e l a n d  
1 1 / 1 8  
S o u t h - e a s t  c o a s t  
1 / 1 4  
W e s t e r n  A u s t r a l i a  F a r  n o r t h - e a s t  
7 / 2 8  
J a n .  1 9 7 6 - N o r t h e r n  T e r r i t o r y  N o r t h - w e s t  
2 5 / 4 2  
J u n e  1 9 7 6  C e n t r a l  
1 1 / 1 3  
Q u e e n s l a n d  
F l i n d e r s  R i v e r  B a s i n  
4 4 / 8 8  
A t h e r t o n  T a b l e l a n d  
1 6 / 3 2  
C e n t r a l  c o a s t  
1 5 / 3 7  
S o u t h - w e s t  
2 / 8  
S o u t h - e a s t  c o a s t a l  
4 4 / 7 2  
N e w  S o u t h  W a l e s  
F a r  n o r t h  c o a s t a l  
8 / 8  
H u n t e r  V a l l e y  
2 6 / 4 5  
C e n t r a l  c o a s t  
2 9 / 2 9  
S o u t h  c o a s t  
2 / 1 9  
J u l y  1 9 7 6 - N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
5 / 2 1  
D e c .  1 9 7 6  
Q u e e n s l a n d  
A t h e r t o n  T a b l e l a n d  
2 / 5  
F a r  w e s t  
2 / 1 4  
N e w  S o u t h  W a l e s  
C e n t r a l  c o a s t  
3 / 1 2  
J a n .  1 9 7 7 - N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
9 / 3 6  
J u n e  1 9 7 7  W e s t e r n  A u s t r a l i a  K i m b e r l e y  R e g i o n  
7 / 1 0  
Q u e e n s l a n d  
F l i n d e r s  R i v e r  B a s i n  
1 9 / 2 4  
A t h e r t o n  T a b l e l a n d  
1 / 1 1  
C e n t r a l  c o a s t  
1 0 / 1 9  
F a r  w e s t  
2 / 1 0  
N e w  S o u t h  W a l e s  
H u n t e r  V a l l e y  
8 / 4 3  
C e n t r a l  c o a s t  
2 / 1 4  
J u l y  1 9 7 7 -
N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
1 / 1 2  
D e c .  1 9 7 7  Q u e e n s l a n d  
C e n t r a l  c o a s t  
1 / 1 2  
N e w  S o u t h  W a l e s  
F a r  n o r t h  c o a s t  
4 / 1 0  
W e s t e r n  A u s t r a l i a  K i m b e r l e y  R e g i o n  
7 / 1 0  
J a n .  1 9 7 8 - N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
1 5 / 4 7  
J u n e  1 9 7 8  
W e s t e r n  A u s t r a l i a  
K i m b e r l e y  R e g i o n  
4 / 9  
N e w  S o u t h  W a l e s  
F a r  n o r t h  c o a s t  
1 0 / 2 0  
H u n t e r  V a l l e y  
5 8 / 8 9  
C e n t r a l  c o a s t  
1 0 / 1 4  
J u l y  1 9 7 8 -
N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
2 / 1 6  
D e c .  1 9 7 8  
N o r t h - e a s t  
1 / 6  
Q u e e n s l a n d  
S o u t h - e a s t  c o a s t  
4 / 8  
N e w  S o u t h  W a l e s  
H u n t e r  V a l l e y  
9 3 / 2 0 4  
J a n .  1 9 7 9 -
N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
1 3 / 6 3  
J u n e  1 9 7 9  
C e n t r a l  
6 / 3 5  
Q u e e n s l a n d  
A t h e r t o n  T a b l e l a n d  
3 / 8  
S o u t h - e a s t  c o a s t  
2 / 1 0  
J u l y  1 9 7 9 -
N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
5 / 1 2  
D e c .  1 9 7 9  
N e w  S o u t h  W a l e s  H u n t e r  V a l l e y  
4 / 4  
J a n .  1 9 8 0 -
N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
4 7 / 8 0  
J u n e  1 9 8 0  
Q u e e n s l a n d  
S o u t h - e a s t  c o a s t  
7 / 9  
J u l y  1 9 8 0 -
N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
2 / 1 8  
D e c .  1 9 8 0  
N e w  S o u t h  W a l e s  
H u n t e r  V a l l e y  
1 / 1  
J a n .  1 9 8 1 -
N o r t h e r n  T e r r i t o r y  
N o r t h - w e s t  
1 8 / 5 8  
J u n e  1 9 8 1  
Q u e e n s l a n d  
A t h e r t o n  T a b l e l a n d  
4 / 1 4  
A  R a t i o  o f  n u m b e r  o f  c a t t l e  w h i c h  s e F O c o n v e r t e d  t o  t o t a l  s u s c e p t i b l e  c a t t l e  i n  
s e n t i n e l  g r o u p .  
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of animals remammg paralysed and of deaths occurring from acute respiratory 
emphysema. Although final reports placed the disease at Bega, 300 km south of 
Sydney, it did not enter Victoria or South Australia. The endemic areas of northern 
Australia reported only sporadic outbreaks with disease being serologically confirmed 
in the Alice Springs district in the Northern Territory as well as the Flinders River 
area of Queensland (Table 1). 
The months when ephemeral fever was most active were January to March 1976. 
By June 1976, no evidence of ephemeral fever virus activity in Australia was being 
reported. 
1976-1977 
Minor sporadic outbreaks were reported during the spring and early summer 
period in areas as geographically diverse as Ingham and Bowen on the north-east 
coast of Queensland to Camooweal in the far north-west. By late summer-early 
autumn there had been one case confirmed near Ayr with 26 seroconversions in 
sentinel cattle at six points along a 450-km length of the Flinders River (Table 1). 
In New South Wales, suspected isolated cases occurred at Orange and Grafton. 
Isolated cases of clinical ephemeral fever in the Hunter Valley were reported during 
late summer and autumn. Subclinical ephemeral fever infection was, however, 
confirmed serologically in two sentinel herds located at Singleton and Williamtown. 
Neutralizing antibody conversions in sentinel cattle continued in the Northern 
Territory in the absence of clinical disease. During 1976-77, serological surveys 
revealed the occurrence of antibody as far south as Karratha (21°S.) on the west 
coast of Western Australia. 
1977-1978 
Reports indicated that ephemeral fever began slowly during the spring of 1977 
with suspected isolated cases being reported from the Maryborough and Charters 
Towers district of Queensland. By December, the disease had been reported from 
all areas of the Toowoomba district adjoining the Great Dividing Range, as well as 
the Brisbane and Maryborough districts and areas to the north of Mt Isa. Although 
the disease was epidemic in these areas its incidence became more sporadic and less 
like the relentless wave formations of previous years. Once again the region of the 
Hunter Valley of New South Wales was demonstrated to be an isolated focus of 
endemic acitivity with the commencement of an epidemic in late January 1978. 
However, sporadic cases had been observed in the lower Hunter Valley each month 
from August 1977 to January 1978. With the progression of isolated cases down the 
east coast of New South Wales and into the Hunter Valley the epidemic became 
widespread and severe, building to a peak in March and April 1978. Local reports 
described the outbreak as more severe than usual with a higher herd incidence, 
without quantifying the level. Concurrently the disease had begun to spread in 
western New South Wales during January until, by March, sporadic reports were 
also being received in the Armidale and Cumberland districts. By the second quarter 
of 1978, the south-east corner of Queensland was still experiencing a high degree of 
activity as were many of the eastern districts of New South Wales. 
Although the disease had reached epidemic proportions during 1977-78 the 
seasonal conditions in Australia had been severe. Queensland had experienced a 
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c o m p l e t e  l a c k  o f  w i n t e r  a n d  s p r i n g  r a i n  w i t h  s e v e r e  d r o u g h t  c o n d i t i o n s  p r e v a i l i n g  i n  
m a n y  a r e a s .  S i m i l a r l y ,  N e w  S o u t h  W a l e s  h a d  e x p e r i e n c e d  t h e  s a m e  d r y i n g  c o n d i t i o n s  
a s  Q u e e n s l a n d  d u r i n g  t h e  s p r i n g - s u m m e r  p r e i o d  o f  1 9 7 7 .  J a n u a r y  1 9 7 8  b r o u g h t  
h e a v y  g e n e r a l  r a i n s  o v e r  N e w  S o u t h  W a l e s ,  a n d ,  w i t h  s u c h  s e a s o n a l  c o n d i t i o n s  
p r e v a i l i n g ,  r e p o r t s  o f  e p h e m e r a l  f e v e r  w e r e  b e i n g  c o n f i r m e d  a s  f a r  s o u t h  a s  D u b b o ,  
O r a n g e  a n d  N a r r a n d e r a ,  w i t h  u n c o n f i r m e d  r e p o r t s  a s  f a r  w e s t  a s  B o u r k e .  A g a i n ,  
t h e  d i s e a s e  d i d  n o t  o c c u r  i n  V i c t o r i a  a n d  S o u t h  A u s t r a l i a .  
1 9 7 8 - 1 9 7 9  
T h e  f i r s t  c o n f i r m e d  r e p o r t s  o f  e p h e m e r a l  f e v e r  w e r e  r e c i e v e d  f r o m  t h e  C l o n c u r r y ,  
C a r p e n t a r i a ,  B u r k e t o w n ,  C r o y d o n ,  A y r ,  B o w e n ,  B o o r i n g a  a n d  D a l r y m p l e  S h i r e s  o f  
Q u e e n s l a n d  d u r i n g  O c t o b e r  a n d  N o v e m b e r  1 9 7 8 .  T h i s  i s  r o u g h l y  a n  a r e a  o f  5 5 0 0  
s q . k m  o f  n o r t h e r n  Q u e e n s l a n d .  O n c e  a g a i n  t h e  H u n t e r  V a l l e y  p r o v e d  t o  b e  a  s e p a r a t e  
f o c u s  o f  i n f e c t i o n  w i t h  s p o r a d i c  o u t b r e a k s  b e i n g  r e p o r t e d  f r o m  A u g u s t  t o  N o v e m b e r  
1 9 7 8 .  S e r o c o n v e r s i o n  o f  s e n t i n e l  c a t t l e  o c c u r r e d  i n  b o t h  h a l v e s  o f  t h e  o b s e r v a t i o n  
y e a r  ( T a b l e  1 ) .  T o  t h e  n o r t h ,  r e p o r t s  o f  w i d e s p r e a d  o u t b r e a k s  w e r e  b e i n g  r e c e i v e d  
o v e r  l a r g e  a r e a s  o f  n o r t h e r n  Q u e e n s l a n d  a n d ,  i n  J a n u a r y ,  c a s e s  h a d  b e e n  o b s e r v e d  
i n  t h e  R o c k h a m p t o n  d i s t r i c t .  I n  c e n t r a l  Q u e e n s l a n d ,  t h e  d i s e a s e  c o n t i n u e d  t o  b e  
r e p o r t e d  i n  s u c c e s s i o n  d o w n  t h e  e a s t  c o a s t  u n t i l ,  b y  M a r c h ,  s p o r a d i c  o u t b r e a k s  w e r e  
r e p o r t e d  f r o m  t h e  B r i s b a n e  a n d  R o m a  d i s t r i c t s  w h e r e  a n  e s t i m a t e d  6 0 %  p r e v a l e n c e  
i n  c a t t l e  u n d e r  2 · 5  y e a r s  o l d  w a s  o b s e r v e d .  S e n t i n e l  h e r d  t e s t i n g  c o n f i r m e d  t h e  p r e -
s e n c e  o f  e p h e m e r a l  f e v e r  v i r u s  i n f e c t i o n  s o u t h  a n d  e a s t  o f  D a r w i n  i n  t h e  N o r t h e r n  
T e r r i t o r y  w i t h  s e r o c o n v e r s i o n s  b e t w e e n  J u l y  1 9 7 8  a n d  A p r i l  1 9 7 9  ( T a b l e  I ) .  O v e r  t h e  
1 2  m o n t h s ,  Q u e e n s l a n d  e x p e r i e n c e d  e x c e p t i o n a l l y  w e t  c o n d i t i o n s  p a r t i c u l a r l y  d u r i n g  
t h e  f i r s t  h a l f  o f  1 9 7 9 .  S p o r a d i c  o u t b r e a k s  c o n t i n u e d  t o  o c c u r  i n  t h e  H u n t e r  V a l l e y  
d u r i n g  t h e  f i r s t  h a l f  o f  1 9 7 9  a l t h o u g h  t h e r e  w e r e  n o  c o n f i r m e d  r e p o r t s  f r o m  e l s e w h e r e  
i n  N e w  S o u t h  W a l e s ,  e x c e p t  f o r  a  s i n g l e  c o n f i r m e d  c a s e  a t  A r m i d a l e .  A  n u m b e r  o f  
c a s e s  w e r e  s u s p e c t e d  i n  d i v e r s e  a r e a s  o f  t h e  S t a t e  b u t  n o n e  w e r e  c o n f i r m e d  s e r o l o g i c a l l y .  
I t  w a s  a p p a r e n t  t h a t  t h i s  e p i d e m i c  h a d  b e e n  c o n f i n e d  t o  Q u e e n s l a n d  a n d ,  a l t h o u g h  
s e v e r e  i n  t h a t  S t a t e ,  c a s e s  w e r e  n o t  r e p o r t e d  s o u t h  o f  B r i s b a n e  e x c e p t  f o r  t h e  H u n t e r  
V a l l e y  f o c u s .  
1 9 7 9 - 1 9 8 0  
B e g i n n i n g  i n  J u l y  1 9 7 9 ,  a  n u m b e r  o f  a p p a r e n t l y  u n r e l a t e d  i s o l a t e d  s p o r a d i c  o u t -
b r e a k s  w e r e  r e p o r t e d  f r o m  Q u e e n s l a n d  a n d  N e w  S o u t h  W a l e s .  S p o r a d i c  c a s e s  
o c c u r r e d  i n  t h e  T o w n s v i l l e ,  M t  I s a ,  R o c k h a m p t o n  a n d  B r i s b a n e  d i s t r i c t s  o f  Q u e e n s -
l a n d .  I n  p a r t i c u l a r ,  n u m e r o u s  o u t b r e a k s  w i t h  l o w  i n c i d e n c e  ( 2 - 3  % )  w e r e  r e p o r t e d  
i n  t h e  B r i s b a n e  d i s t r i c t  d u r i n g  D e c e m b e r .  H i g h  m o r b i d i t y  r a t e s  ( 6 0 % )  w e r e  r e p o r t e d  
i n  y o u n g  c a t t l e  i n  t h e  N o r m a n t o n  a r e a  d u r i n g  J a n u a r y  w i t h  a  s i m i l a r  i n c i d e n c e  i n  
y o u n g  a n i m a l s  i n  t h e  M a r y b o r o u g h  d i s t r i c t .  S u s p e c t e d  c a s e s  w e r e  r e p o r t e d  f r o m  
s t o c k o w n e r s  a r o u n d  G r a f t o n ,  N . S . W . ,  d u r i n g  A u g u s t  t o  N o v e m b e r  w h i l e  c o n f i r m e d  
c a s e s  w e r e  r e p o r t e d  f r o m  G u n n e d a h  2 5 0  k m  t o  t h e  s o u t h - w e s t .  E x t e n s i v e  o u t b r e a k s  
w i t h  u p  t o  3 0  %  o f  y o u n g  s t o c k  a f f e c t e d  w e r e  r e p o r t e d  o n  a  n u m b e r  o f  p r o p e r t i e s  t o  
t h e  n o r t h - e a s t  o f  C a s i n o  d u r i n g  F e b r u a r y  t o  A p r i l  1 9 8 0 .  T h e  o u t b r e a k s  e x t e n d e d  
s o u t h  a n d  e a s t  a n d  a p p e a r e d  t o  l e s s e n  i n  s e v e r i t y  u n t i l  c a s e s  a r o u n d  L i s m o r e  w e r e  
r e p o r t e d  a s  m i l d e r  t h a n  u s u a l .  B y  M a r c h  1 9 8 0  t h e  d i s e a s e  h a d  b e e n  o b s e r v e d  f u r t h e r  
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west at Armidale. Over the 12 months only sporadic reports had been received from 
the Hunter Valley region. 
1980-1981 
There were five mortalities in 3-year-old cattle from Beaudesert, Queensland, 
during July 1980 and these constituted the first report of ephemeral fever in Queens-
land. By October, sporadic outbreaks had been diagnosed over large areas of southern 
Queensland. An outbreak at Kairi on the Atherton Tableland in cattle under 2 years 
of age following heavy rains in northern Queensland was later confirmed serologically. 
During January 1981 an increased prevalence of ephemeral fever outbreaks involving 
cattle under 3 years occurred in the Mt Isa, McKinlay, Hughenden, Atherton Table-
land, Quilpie, Charleville, Cape York Peninsula and the eastern coastal districts. 
As winter 1981 approached, outbreaks in south-eastern Queensland had been con-
firmed and further cases had been diagnosed in the Brisbane and Roma districts, as 
well as Richmond and Hughenden. Ephemeral fever again fe-emerged in the Hunter 
Valley during March, with 20 out of 23 introduced cattle being affected (Table 1). 
Sporadic outbreaks extended north of Singleton, following heavy rains in the area. 
Activity of clinical disease in the Northern Territory and Western Australia again 
remained low and only isolated outbreaks were recorded. 
Virus Isolations 
Between July 1975 and August 1978 five virus isolations were made. Of these, 
two were made in mice, causing paralysis on the initial inoculum. The remainder 
were isolated in BHK21 cell cultures at various passage levels. For the first time, 
ephemeral fever virus was recovered from two sentinel cattle, neither of which 
exhibited clinical signs at the time the blood sample was collected. Of the isolates, 
two originated from Queensland and three from the Northern Territory and all were 
made during summer. 
Discussion 
Bovine ephemeral fever is acknowledged to be a disease of the summer and autumn 
months (St. George 1980), therefore it is convenient to discuss outbreaks in terms of 
yearly intervals extending from 1 July of one year to 30 June of the next. Although 
the epidemic of 1972-74 extended over a 21-month time span, the onset of the winter 
of 1973 clearly delineated the epidemic into two separate but sequential phases. The 
results presented here rely heavily on reports of ephemeral fever outbreaks described 
by veterinary officers in the field. Table 1 outlines known seroconversions in sentinel 
herds and the results clearly show the circulation of ephemeral fever virus at or about 
the same time as clinical field cases were being observed. 
Following the extensive 1967-68 outbreak the scale and character of subsequent 
epidemics have changed markedly. The epidemics of the early 1970's became extended 
in duration with outbreaks no longer moving in a sweeping, wave-like pattern down 
the eastern States of Australia (St. George et al. 1977). During the late 1970's ephem-
eral fever epidemiology continued to evolve from a disease pattern classified by 
Murphy (1974) as 'explosive epidemic' towards a disease which could now be classi-
fied as 'slowly epidemic-appearing endemic', a disease with successive years of high 
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age. Within the 2-year cycle of high and low incidence, those animals most at risk 
are those which do not acquire infection in the previous epidemic. This differs 
significantly from the 1967-68 outbreak during which disease was reported in cattle 
of all ages and was reported to have travelled approximately 350 km per week over 
a front of 500-800 km (Murray 1970). To date, the years 1974-76 have been the latest 
of the fast-moving epidemics in Australia. Certainly the outbreaks of 1977-78 and 
1979-80 have been delineated as epidemics, although the results presented here 
describe clearly a polarization of disease outbreaks into years of high and low inci-
dence. In some instances, 1978-79 for example, the year between the epidemic years 
described above, the incidence of ephemeral fever in Queensland, although sporadic, 
was still high. Outbreaks have now become more localized, with cases being reported 
predominantly during the summer and autumn months, and are possibly rain-associa- ' 
ted as many field reports mention this. Localized outbreaks provide presumptive 
evidence of local overwintering and, therefore, two possibilities exist: the virus over-
winters in an invertebrate or a vertebrate species. During the colder months insect 
life cycles may be prolonged or trans ovarian transmission may occur. No evidence 
that prolonged viraemias occur in cows or other vertebrate species has been found. 
Thus overwintering in an invertebrate seems possible. 
The Hunter Valley has been shown to be unique in the general pattern of ephemeral 
fever spread. This area was first reported as a separate epidemic focus in 1973 (St. 
George et al. 1977). Subsequent outbreaks observed by Kirkland (1982) have rein-
forced that observation, until this area now exhibits the same yearly high and low 
incidence as other epidemic areas. Reports of outbreaks in the Hunter Valley region 
are often received from cattle owners as early as August, with rapid north-south 
spread during the ensuing warmer months of any high incidence year. Since 1979 
this region has become 'out-of-step' with epidemics occurring in Queensland. Sero-
conversion has occurred in sentinel cattle in each year in the Hunter Valley between 
1976 and 1981 (Table 1). 
Ephemeral fever is the major viral disease of cattle in Australia, causing production 
loss and death. At March 1981 the Australian national cattle herd was estimated at 
approximately 25 million head, 15 million of which were to be found in Queensland 
and New South Wales (Anon. 1981). Most of these cattle graze within the bounds of 
ephemeral fever epidemics which have occurred since 1975 (Fig. 1). If the endemic 
areas of the Northern Territory and Western Australia are included, 17 million head 
of cattle are at risk, over two-thirds of the Australian cattle population. Of this 
total the number actually susceptible to infection are those animals without active 
or passive antibody protection during an ephemeral fever epidemic, i.e. animals 
over 4-6 months and under 2 years of age-approximately 3 million in anyone year 
of a two-year cycle. 
Ephemeral fever remains a disease of considerable economic importance. The 
pattern of spread is still in a north--'-south direction but the disease now occurs each 
year with alternate years of high and low incidence. Since 1975, reports of movements 
of ephemeral fever together with known seroconversions in some herds have con-
firmed the known limits of the disease established by St. George et al. (1977) for the 
period 1970-75. For export purposes it can now be reasonably assumed that ephemeral 
fever virus circulates within defined boundaries and that cattle outside those boundaries, 
which are sold for export, would be free of this virus. 
E p h e m e r a l  F e v e r  i n  A u s t r a l i a  1 9 7 5 - 8 1  
9 9  
A c k n o w l e d g m e n t s  
W e  w i s h  t o  e x p r e s s  o u t  g r a t i t u d e  t o  t h e  m a n y  i n v o l v e d  i n  t h e  c o l l e c t i o n  o f  t h e  
r e l e v a n t  d a t a  r e p r e s e n t e d  b y  t h e  s e n t i n e l  h e r d  r e s u l t s .  T h e  a c c u m u l a t i o n  o f  t h i s  d a t a  
w o u l d  h a v e  b e e n  i m p o s s i b l e  w i t h o u t  t h e  a c t i v e  a n d  e n t h u s i a s t i c  c o o p e r a t i o n  o f  t h e  
o f f i c e r s  o f  t h e  D e p a r t m e n t s  o f  P r i m a r y  I n d u s t r y  o f  t h e  S t a t e s  a n d  N o r t h e r n  T e r r i t o r y .  
S p e c i a l  t h a n k s  a r e  d u e  t o  t h e  C h i e f  V e t e r i n a r y  O f f i c e r s  i n  e a c h  S t a t e - D r  T .  A .  
R u d l i n g ,  D e p a r t m e n t  o f  A g r i c u l t u r e ,  T a s m a n i a ;  D r  R .  W .  N e w l a n d s ,  D e p a r t m e n t  
o f  A g r i c u l t u r e ,  S o u t h  A u s t r a l i a ;  D r  D .  E .  H o r e ,  D e p a r t m e n t  o f  A g r i c u l t u r e ,  V i c t o r i a ;  
D r  P .  B .  L e w i s ,  D e p a r t m e n t  o f  A g r i c u l t u r e ,  W e s t e r n  A u s t r a l i a ,  a n d  D r  G .  R .  F a l l o n ,  
N o r t h e r n  T e r r i t o r y .  A c c e s s  t o  a n  u n p u b l i s h e d  s e r o l o g i c a l  s t u d y  o f  e p h e m e r a l  f e v e r  
i n  t h e  H u n t e r  V a l l e y  o f  N e w  S o u t h  W a l e s  w a s  g e n e r o u s l y  g i v e n  b y  D r  P .  D .  K i r k l a n d  
o f  t h e  N e w  S o u t h  W a l e s  D e p a r t m e n t  o f  A g r i c u l t u r e .  T h e  s e r o l o g y  w a s  c a r r i e d  o u t  b y  
M i s s  D .  H .  C y b i n s k i  a n d  e x p e r t  t e c h n i c a l  a s s i s t a n c e  w a s  p r o v i d e d  b y  M i s s  H .  
Z a k r z e w s k i  a n d  M r .  T .  J .  D a n i e l .  
R e f e r e n c e s  
A l b i s t o n ,  H .  E .  ( 1 9 6 6 ) .  I n  ' D i s e a s e s  o f  D o m e s t i c  A n i m a l s  i n  A u s t r a l i a ' .  P a r t  4 .  2 n d  E d n .  [ S e r v o  
P u b ! .  D e p .  H l t h .  A u s t .  V e t .  H y g .  N o . 7 . ]  
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A u s t .  V e t .  J . 5 4 ,  1 - 3 .  
D o h e r t y ,  R .  L . ,  S t a n d f a s t ,  H .  A . ,  a n d  C l a r k ,  I .  A .  ( 1 9 6 9 ) .  A d a p t a t i o n  t o  m i c e  o f  t h e  c a u s a t i v e  v i r u s  
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S o u t h  W a l e s .  A u s t .  V e t .  J .  1 4 ,  1 0 1 - 5 .  
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THE E P I DE�I OLDGY O F  B O V I N E  E PH EMERAL F EVER  
COMPAR ED  W I TH hRBOV I RUSES  IN  TH E F L I NDERS R I VER  BAS I N  
O F  KORTH QUEENSLAND , AUSTRAL I A  1974-77  
BY  
S .G .  KNOTT, N . I . PAULL, T .D. ST .GEORGE, H .A .  STANDFAST ,  
D .H .  CYBINSKI , R . L .  DOHERTY, J .G .  CARLEY and C .  F I LLI PICH 
I was the ori g inator of the i dea that the F l i nders R iver Basi n  was the 
area of Queens 1 and where ephemera 1 fever vi rus mi ght cf rcul ate cant 1 nu­
ously ,  and  I i n i t i a l l y  discussed this with  Mr . St  .George at  the  CSIRO 
Long Pocket Laboratori es . The work reported on was then pl anned jointly 
at meeti ngs between CSIRO and Queens l and Institute of 11edical Research 
representati ves and reviewed on an annua 1 bas i s . In brief , the officers 
of the Department of Primary Industries handled vi rtual ly all the f i e l d  
col lections ; Mi ss Cybinski  o f  CSIRO carried out al l the serol ogy on 
cattle and sheep , and the ephemeral fever vi rus neutra l i zat ion tests on 
the senti nel fowl sera ; the balance of the senti nel fowl sJ-ol ogy was -?" 
carried out at Q. I .M .R . ) ;  the entomology was p 1 an ned and executed by Mr . 
Standfast and the vi rol ogy was done by Mr . St .George . Liaison with the 
i ndi v idual f i e ld  offi cers was handled by Mr . St .George or l�r . Paul l .  It 
was i ntended that I should  write the fu l l  report . However ,  pressure of 
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FOREWORD 
The project descri bed in th is  bul l et i n  was entered i nto on a 
cooperat i ve bas i s  by three di st i net groups , each from a di fferent 
organi sati on , in order to test an hypothesi s  advanced by Mr. S.G.  Knott to 
expl a i n  the early appearance of ephemeral fever i n  catt le  in the Fl i nders 
River drai nage system of Queensl and i n  vari ous epi demi cs .  He organi zed 
the structure of the scheme through the three years of i ts  exi stence. 
Thi s  cooperative team combined the exi sti ng fiel d di sease 
i nvesti gat ion i nfrastructure of the Veteri nary Services Branch ,  wi th the 
epi demi ological and l aboratory experience with ephemeral fever of CSIRO ' s  
Microbiol ogy section at  Long Pocket Laboratories . 
The Queensl and Insti tute of Medi cal Research had a l ong standing need 
to know more of the epi demi ol ogy of Murray Val l ey Encephal i t i s  vi rus i n  
thi s region to compl ement studies i n  other areas of Queensland. 
Dr. Doherty ' s  group were abl e to ut i l i ze the bas i c  structure of the 
scheme. 
It was i ntended that the report on the project be i ssued soon after 
the compl etion of the fi e ld  work i n  1977- However,  the unexpected 
d i scovery 1 ate that year of b 1 uetongue vi rus in northern Austra 1 i a del ayed 
some of the pl anned serological tests and d i verted the partic i pants from 
col l at ing  and analys i ng the l arge amount of data accumul ated. 
The consequent l ong del ay has meant that vari ous members of the team 
are no longer i n  the pos i tions they hel d  at the time, nor i n  some cases, 
at the addresses shown. Nevertheless ,  they may be contacted through the 
addresses shown on the t i t l e  page for any addi t ional i nformation 
required. Another consequence of the l ong del ay has been the fading of 
the memory of the antici pated di ffi cul t ies of the project .  Di ffi cul ties 
regarded as 1 i kely to be formidable at the commencement , because of the 
vastness of the area , and the severe effects of the summer wet season on 
communi cations were genera l ly  successfu l ly  overcome by l ocal i n i ti ati ves. 
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ABSTRACT 
The drai nage bas i n  of the Fl i nders Ri ver i n  northern Queensl and 
compr ises approximately 1 10 , 000 square k i l ometres of substanti a l l y  
treel ess p l a i n s .  The area i s  drai ned by numerous smal l watercourses 
feeding i nto major ri ver channel s which fl ow in a general south-north 
di rection i nto the Gul f of Carpentar i a .  The rainfal l is mai nly in the 
summer ,  whi l e  the wi nters are normal ly  so dry that the ri vers cease to 
flow. The 1 imited growth of trees is main ly  associated with the 
watercourses. The cattl e and sheep popul ations each number approximately 
one m i l l  ion and are depastured under extensive conditions .  
Bovine  ephemeral fever has  occurred i n  the area si nce 1936 , ei ther as  
wel l  spaced major epi demi cs .  or more recently as minor epi demics i n  
successi ve summers. Senti nel herds were ma i ntai ned for three years ( 1974-
77) at seven centres on the Fl i nders Ri ver system and b led monthly to 
mon itor i n fections of cattl e with bovine ephemeral fever v i rus to 
determine whether the vi rus c i rcul ated there between epidemics .  Cl i n i cal 
ephemeral fever occurred in ei ther four or fi ve of the sentinel herds i n  
each of  the three summers of  the project , but not i n  the winters. The 
pattern of seroconversion of senti nel cattl e paral l el ed that of the 
cl inical di sease . Neither c l i n i cal , nor subcl i n ical i nfection with bovi ne 
ephemeral fever vi rus occurred in one of the sentinel groups. Thi s was 
the one furthest from the ma i n  r i ver channel s .  The annual recurrence 
suggested that bovine  ephemeral fever vi rus does overwinter in the 
Fl i nders Ri ver basi n ,  but not as a continuous slow moving i nfection of the 
cattle popul ation.  Another mechan i sm must be sought. 
The peak of seroconversion of the sentinel cattl e to the Simbu group 
virus, Akabane v i ru s ,  occurred in the winter dry season , that is the 
opposite time of year to ephemeral fever v i rus .  Insuffici ent serologi cal 
data were generated to determine for certa i n  the seasonal i ty of two other 
Simbu group vi rus i n fections,  Ai no and Peaton v i ruses, the al phavirus Ross 
River v irus .  or of the Pal yam group vi rus Bunyip Creek vi rus . The l imited 
trapping of i nsects suggested that the seasonal peak of the biting midge , 
Cul icoides brevi tarsi s, the suspected vector of Akabane vi rus , was i n  
paral l el with that o f  Akabane vi rus i nfection o f  the sentinel cattl e 
rather than that of ephemeral fever vi rus , which was in the summer (wet 
season ) .  Thus i ndi rect evi dence was accumulated that C .  brevitarsis i s  
not a major vector o f  ephemera 1 fever vi rus i n  this area . There was 
insuffi ci ent data to suggest whi ch  wet season vector i s  i nvol ved although 
several mosquito species are possi b i l it ies .  
There was no seroconversion in  the  sentinel sheep flock mai ntai ned at  
one of  the senti nel herd si tes to  any of the arbovi ruses used i n  the 
study. Thi s  flock was however at the same site as the sentinel cattl e 
which did not experi ence i n fection with ephemeral fever v i rus,  or any of 
the other arbovi ruses. 
In a suppl ementary study , senti nel domesti c fowl s were located at 
each of the senti nel herd s i tes ,  and in two small towns adjacent to the 
main river system. Seroconversion of the fowl s to an al phavi rus (S indb i s  
virus) occurred i n  each yea r ,  but not i n  every sentinel fl ock. 
Seroconversion a l so occurred to the fl a vi v i  ruses , Murray Val l ey 
Encephal i t i s  v i rus and Kunj i n  v i ru s ,  and possibly a l so to Al fuy vi rus , at 
every site , but aga i n  not in every year of the project. 
l .  
HISTORY OF BOVINE EPHEMERAl FEVER 
AND THE INVOlVEMENT OF THE FliNDERS RIVER BASIN OF QUEENSlAND 
Ephemeral Fever is a febri l e  di sease of catt l e  and buffal o caused by 
a rhabdovi rus , bovine ephemeral fever (BEF)  vi rus . The di sease that BEF 
virus causes, is known by a vari ety of names, three day si ckness (Austra­
l i a ) ,  sti ffsi ckness ( South Afri ca ) ,  and bovine epizooti c  fever (Japan ) .  
Its origins are not known , but the di sease came to notice fi rst i n  South 
Africa (Schwe i n furt h ,  1867 ; Bevan , 1907 ) ,  then other parts of Africa 
(Rabagl i at i , 1924 ) ,  Indones i a  ( Burggraaf ,  1932 ) ,  Austra l i a  (Anon , 1937 ; 
Mul hearn , 1937) and Japan ( Inaba , 1973 ) .  Thi s  sequence does not imply 
that ephemeral fever spread progressi vely from South Africa.  However ,  the 
most pl aus ib le  ori g in  for the ephemeral fever that was fi rst noti ced i n  
northern Austral i a  i n  1936, i s  Indonesi a ,  a t  some undetermi ned t ime which  
was prior to  1936 , but  after catt l e  and buffalo were establ i shed i n  the 
Northern Territory. 
The accumulated experimental and epi demi o l og i cal evi dence supports 
the contention that ephemeral fever vi rus is an arbovirus ,  that i s ,  a 
virus spread by i nsects ( review by St . George ,  1981 ) .  BEF vi rus has been 
isol ated only three t imes from i nsects ,  once in Kenya from a mixed pool of 
Cul icoides (Davies and Wal ker , 1974 ) ,  and in Austral i a  from two di fferent 
poo l s  of mosquitoes (Standfast et al . ,  1976 ) .  The first i solation was 
from a pool of Anophel es bancrofti and the second was from a pool of four 
species of Cul i c i ne mosqu i toes . The di stri bution of the species of the 
mosquitoes from which BEF vi rus was i sol ated does not cover most of the 
area in which  ephemeral fever has occurred in Austral i a .  Thus much more 
data has to be obtai ned to reso 1 ve what i nsects are i nvo 1 ved, and , under 
what ci rcumstances .  
After the fi rst epidemic  i n  Austral i a  1936-1937 , which extended from 
north-west Western Austral i a  and the Northern Territory, to Queensl and and 
then on to New South Wal es , the di sease attracted l i ttl e attention unt i l  
1955-1956, when a new epidemi c occurred. After thi s epidemic subsi ded i n  
1956, there was agai n a l ong i nterval when the di sease did not attract 
attention unt i l  a spectacul ar  epi demic in 1967-1968. Epidemics  then 
fol l owed at shorter i nterval s 1970-1971 ,  1972-1974 and 1977-1978. 
Sporadic sma l l  outbreaks occurred i n  many of the i nter-epidemic years but 
the di sease was much l ess  acti ve .  A ful l er review of this aspect up to 
1974 was made by St . George et al . ,  ( 1977a ) .  The hi story of ephemeral 
fever in Austra l i a  s i nce then was descri bed by Uren et al . ( 1982 ) .  
The di rection of spread of each of the epidemics i n  the eastern 
states up to 1974 was from north to south .  The 1936-1937 ( Seddon ,  1938) 
and 1967-1968 (Murray, 1970;  Newton and Wheatl ey ,  1970) epidemics were 
marked by the fact that cl i ni cal cases occurred in the Northern Teri tory 
earl ier in the same summer than i n  Queensl and ,but th is  was not true of  
other epidem ics .  
I n  1936 the  fi rst cases were reported from near the  Northern 
Territory border in the earl y months of that year. However , the fi rst 
c l in ical cases were not examined by stock i nspectors unt i l  the end of the 
wet in the v i c i n i ty of Burketown early i n  Apri l (Mul hearn , 1937 ) .  Thus 
the 1936-37 epidemi c  fi rst came to not i ce in Queensl and . However ,  retro­
specti ve i nvesti gat ion determi ned that it had occurred earl ier  in the 
Northern Terri tory and the Kimberley area of Western Austra l i a  (Seddon , 
1938) .  The early cases i n  1936 occurred over a wide geographical area , 
which ,  at the t ime , had extreme ly  poor communications and no veterinary 
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supervi s ion i n  the wet season which occurs i n  the 1 atter pa_rt of summer . The Kimberl ey region , the northern hal f of the Northern Tern tory , and the 
Fl i nders Ri ver area were a l i ke in t h i s  respect up to Wor l d  War II when 
roads sl owly began to improve. 
The fi rst cases of the 1955-1956 epi demic of ephemeral fever were 
reported on the Fl i nders River at Mi l l ungera Stat ion about 90 km north of 
Jul i a  Creek i n  October 1955. The fi rst outbreaks of the 1967-1968 
epi demic whi ch commenced near Darwin in October 1967, occured in December 
of that year simul taneously on the Fl i nders Ri ver about 190 km north of 
Cloncurry, and on the Mitchel l Ri ver on the western s i de of Cape York 
Pen i nsul a ( Newton and Wheatl ey ,  1970 ) .  From i n formation contai ned i n  
records o f  the Queensl and Department of Primary Industri es i t  appeared 
that the fi rst outbreaks of the 1970-1971  and 1g72-1g73 ep idemics  were on 
properties in the Fl i nders Ri ver Basi n .  In February 1g7o, ephemeral fever 
was reported from Jul i a  Creek and i n  December 1972 at Ri chmond and 
Hughenden , within the basi n of the Fl i nders R i ver ,  pl us Dunbar Station 
outs ide the watershed of the Fl i nders , at the base of Cape York pen i nsul a .  
Thi s  repeated assoc i at ion of early reports of epi demic ephemeral 
fever with the Fl i nders River drai nage system suggested that , e ither 
condi t ions were more favourabl e for the early development of an epi demic 
there , or that the di sease ci rcul ated there on subcl i n i cal bas i s  to form a 
reservo i r  for the di sease between epi demi c s ,  parti cul arly through the 
wi nter .  When condit ions  were favourab le  for spread ,  the di sease cou ld  
erupt from a qui escent state , to  beg i n  another statewide epi demi c .  
I n  order to test the hypothes i s  that ephemeral fever ci rcul ated at a 
l ow l evel between major epi demics and thus 110verwi ntered11 withi n the 
Fl i nders River Bas i n ,  a j o i nt project was set up by the Queensland 
Department of Primary Industr i es and CSIRO Di v i s i on of Animal Heal th .  The 
i n i t i al durat ion of the project was to be two years ,  wi t h  a possib le  
extens ion of one year if  this  became relevant.  Duri ng the three year 
course of the study addi t ional v i ral techni ques became ava i l ab l e  and were 
added. For exampl e ,  t h i s  meant that the epi demiol ogy of the Simbu group 
v i ruses .  Akabane and Aino cou l d  be studied  by us ing  the stored serum 
sampl es and rel ated to that of BEF v i rus .  The sk il led manpower and the 
techni ques for some · i nsect stud i es were devel oped , so i nvest i gations of 
potent ial  vectors were added , in stages , to the or ig i nal protocol 
formul ated i n  earl y 1974. In general terms , the add i t i onal techniques 
were added after each annual rev i ew of the project . 
GEOGRAPHY AND LAND USE OF THE FLINDERS RIVER BASIN 
The grazing properties establ i shed as senti nel s i te s ,  l i e  wi th i n  the 
Fl i nders Drainage Bas i n  (Fi gure 1) an area of 107 , 754 km2 drai ned by the bra1 ded channe 1 s of the Fl 1 nders , Cl oncurry and Saxby ri vers. The area 
sl opes gently to the Gul f of Carpentar i a .  Hughenden , 650 km from the mouth of the Fl i nders River,  i s  only 330 m above sea 1 eve 1 • Less than 4% of the rai n fal l i ng in the area runs off i n  the ri vers , ( Twi dal e ,  )g64) as 1t occurs pr 1nc 1pal ly  .' n  the summer ( F i gure 2 )  when temperature and evaporat 1 0n rates are h 1 gh ( F 1 gure 3 ) .  There i s  a tendency t o  fl ooding  near the coast 1 n  the February-March period when rai nfal l is  h i g hest and t 1 des 1n the shal l ow Gul f of Carpentar ia  are h i gh due to the i nfl uence of the north west Monsoon. 
3.  
Figure 1 .  The Fl i nders River Drainage Bas i n ,  showing the  pri nc i pal r i ver 
channel s and the sent i nel s i tes where sentinel cattl e or domestic 
fowl s were sampl ed . 
A ful l descri ption of the area i s  gi ven in Perry ( 1964 ) .  Hughenden , 
Dunluce, Hazl ewood and Toorak are l i sted i n  the mi tchel l grass pl a ins  l and 
system , described as gently undu lat i ng treel ess pl a i ns with heavy soi l s  
carrying mi tchel l grass pastures (Astrebla speci es ) .  
Bow Park , Canobie and Wondoola are i ncl uded i n  the b l ue grass - brown 
top plains section , descri bed as nearly flat to undulating pl a i n  most ly  
treeles s ,  carry ing mi d-hei g ht grasses. The many r i ver channel s are 
fringed with l ow scrub. River fl ow is i ntermittent , but for much of the 
year water is retai ned in holes in the numerous channel s .  
4.  
MONTH 
Fi gure 2 .  The monthly rai nfal l (mi l l imetres) for two of  the senti nel 
si tes at opposite ends of the project area. 
The mean annual rai nfal l for the project area for 1973-1977 was 
approximately 33% above the 50 year mean and decreased with i ncreasing 
di stance from the coast. ( Wondoo 1 a 937 mm; Canobi e 934 mm ; Bow Park 
869 mm; Hazl ewood 797 mm ; Ounl uce 655 mm; Hughenden 655 mm ,  and Toorak 
610 rrrn . ) .  Oeta i l s  of rai n fal l i n  the project years and the 1973 to 1977 
mean , is found in appendices 2 and 3. 
Oaytime temperatures are hi gh  thoughout the year (Fi gure 3) therefore 
l ow daytime temperatures are not a barrier to i nsect acti v ity.  O i urnal 
variation is greatest as wou l d  be expected at Toorak , the s ite  furthest 
from the coast where the mean m in imum temperature of 3°C in July was the 
l owest recorded in the project area . Rel ati ve humidity i s  h i g hest from 
Oecember to March. 
The properties in the study depend on natural pastures wh i c h  have an 
average growi ng period of from 12 to 15 weeks depend i ng on the season 
( Sl atyer ,  1964 ) ,  with the commencement of pasture growth varying  from 
December 14 for Dunl uce and Hughen den where the wet season commences 
earl i e r �  than at the northern stations , Wondoola and  Canobie , where 
pasture growth commences in m id-January .  Perry ( 1g64) notes i n  the "Bl ue 
Grass - Browntop Pl a i ns" area , that pasture grows rapi dly with adequate 
ra i n  but soon becomes coarse and rank,  whi l e  duri ng the dry season forage 
qual i ty is poor and stock l ose weight.  In the mitchel l grass pl ai n s  area 
5. 
the perenni al s (Mi tchel l grasses ) grow rapidly wi th  adequate ra i n  but by 
the end of the wet season (March )  have matured to dry, coarse, unpalatable 
and nutri t i onal ly poor pasture. 
The area of  the Fl i nders River basi n covers most of the s h i res of 
Richmond , McKi n 1 ay , Fl i nders and part of Carpentar ia .  Thi s  area has 
approximately 1 mi l l i on sheep and a simi l ar number of  catt le .  However the 
human popul ation is only 10 ,000, almost evenly d iv i ded between smal l  towns 
- Hughenden ,  Richmond , Jul i a  Creek and Normanton - and smal l groups on 
rural hol di ngs (Appendix 1 ) . 
EXPERIMENTAL DESIGN AND TECHNIQUES USED IN THE INVESTIGATION 
The basic i nvest igative technique was to establ ish  a series of 
senti nel herds near the Fl i nders River extending from near the headwaters 
to close to the estuary. For th is  purpose six cattle properties 
( "stati ons " )  were sel ected whose owners were wi l l ing  to cooperate in the 
study , and these are l i sted bel ow, together wi th Toorak Field Station 
which l i es 60 km south of  Jul i a  Creek . A ful ler description of the 
properties is gi ven in Appendix 1. The term " station" approximates that 
of ••ranch" on the prai ries of  North Anerica , or 11estancia"  on the Pampas 
of South America. 
The properti es are l i sted i n  approximate order of l ocation from the 
headwaters downstream, and were : -
11 Hughenden 11 Stat ion ,  Hughenden , 
11Dunl uce" Station ,  Hughen den , 
" Hazel wood" Station , Richmond , 
Toorak Fiel d Station , Jul i a  Creek , 
" Bow Park" Stat ion ,  Jul i a  Creek , 
"Canobie" Station , Jul ia  Creek 





21 .02  
20 .01  






141 . 48 
141 . 57 
140. 56 
140 .53  
Besides the  si tes on the  stations where the  sentinel cattl e groups 
were establ i shed , two addi ti onal si tes were used for sentinel fowl s i n  
smal l towns of the area . These were : -
Jul ia  Creek Townshi p 
Normanton Townshi p 
S. Latitude 
20.40 
1 7 . 40 
E. Longitude 
14 1 .45 
141 . 04 
These sentinel fowl si tes were wi thi n the drai nage bas i n  and the 
fowl s were kept cl ose to human habitatio n .  In t he  bal ance of thi s 
account , the term station is omitted , thus Bow Park is used and not "Bow 
Park Station " .  Where confusion mi ght occur in the text, between "Hugh­
enden Stat ion" and " Hughenden Town " ,  an exception i s  made. 
Sentinel Animal s :  The senti nel anima l s  consi sted of cattl e ,  sheep and 
birds. The cattle �ere a group of  10-12 weaner cal ves i n  each herd , 
individual ly i denti fied by numbered ear tags. The cal ves were agea about 
six months at entry i nto the groups , and were replaced in Ju I y each year ,  
or  thereabouts , as management practices al l owed. One bl eed at  the  time of 






Fi gure 3. Monthly mean s : - Maximum temperature (A ) ; .  Mi nimum temperature 
(B ) ; 9 a .m. Rel at ive Humi d ity (C ) ; 3 p.m.  Rel at l Ve Hum i d i ty ( D )  and 
Di urn a 1 Temperature Va ri at i on ( E ) , for Hughenden (•----- ) Normanton 
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8. 
The horses which  were bl ed were not very su itabl e sent i nel s as they 
were adul ts when fi rst b 1 ed . The i r  use was d i scant i n ued after the fi rst 
season. Senti nel sheep were used on one station on ly - Thi s was Toorak 
Field Station.  The senti nel sheep were repl aced annual l y ,  wi t h  fresh 
l ambs born in the station fl ock. 
Al l the above ani mal s were born in the area . However , the chi ckens 
were hatched in the Bri sbane area , on the Department of Primary Indus­
tries'  Pou ltry Research Farm , Rockl ea in Bri sbane and were sent by air to 
Townsvi l l e  and thence by vehi c l e  to the senti nel s i tes.  Twe l ve bi rds were 
kept at each s i te .  The group was repl aced each year wi t h  a new group of 
b i rds 4-5 months o ld .  The b i rds were demonstrated to be free of 
ant ibodies to Murray Val l ey Encepha 1 it is vi rus before bei ng despatched 
from Bri sbane. 
IX>servations and Sampl ing : A monthly cyc l e  of v i s its  by Department of 
Primary Industries staff was establ i shed , based on four centres :­
Hughenden town , for Hughenden Stati on and  Dun l uce ; Ri chmond for Hazel wood; 
Jul i a  Creek for Toorak F ie ld  Stat i o n ,  Bow Park and Canobi e ;  and Normanton 
for Wondool a. Whenever poss i bl e ,  the v i s i t s  were coordi nated to occur i n  
the one week. At t imes , when t he  roads were impassabl e ,  or r i vers were in 
flood, a charter ai rcraft was used i n stead of road vehi c l e s .  
Any obvious di sease at  t he  t ime of t he  v i s i t  was noted by  t he  stock 
i nspector ,  or veteri nari an , who v i s i ted the station , but most of the 
information recorded was obtai ned from the owner or manager of the 
stati on . The i n formati on sought was on the general heal th of the senti nel 
animal s si nce the previous v i s i t ,  and the occurrence of ephemeral fever i n  
the sent i nel group, el sewhere o n  the stat i o n ,  o r  o n  properties nearby; 
l ocal rainfal l and weather ; obv ious  i nsect acti v i ty ;  the relative 
frequency and nesti ng behavi our of b i rd s ;  and any other happen i ng rel ated 
to the senti nel group. 
Blood Col l ection :  The catt le  and sheep were bl ed wi th a steri l e  syringe, 
f.rom the j ugul ar vei n ,  and the chi ckens from a wi ng vei n .  I n  the fi rst 
year 40 ml of bl ood was obtai ned from the cattle and sheep, but i n  second 
and thi rd years , thi s amount was reduced to 25 ml . Approximately 5 ml of 
bl ood was obtai ned from the chickens .  In most i n stances the serum on the 
c l at , was forwarded on ice , to CSI RO Bri sbane by ai r w ith  a trans it time 
of 24-72 hours.  The b 1 ood was refri gerated as soon after co 1 1  ect i on as  
practicabl e ,  and mai ntai ned cool unti l fi nal storage as serum at -30°C. 
Serological Tests (CSIRO): The serum was separated and centri fuged at 
1500 x g to remove erythrocytes.  The cattl e ,  sheep and horse serum, and 
part of the fowl serum was heated at 56°C, before neutral i sation tests 
were carried out on i t .  The bal ance of the fowl serum was forwarded , 
unheated , to QIMR. 
The v i ruses used in neutral i sation tests were as fol l ows : -
Bov i ne ephemeral fever v i ru s ,  BB7721 strain (Doherty et al . ,  1969) ; 
Akabane vi rus (AKA) , 88935 stra i n  ( Doherty et al . ,  1972 ) ; 
A1no v 1 rus (AINO) , B7974 stra i n  ( Doherty et a l . ,  1972) ; 
Pea ton Virus (St . George et al . ,  1980) ; 
Bunyip  Creek Virus (a Palyam group v i rus CSIRO 58) (Cyb i n ski and 
St . George 1982) 
Ross Ri ver Vi rus (T48) ( Doherty et al . ,  1963 ) 
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Each vi rus was used at 100 t i ssue cul ture i nfect i ve doses , wi th  50% 
end points cal cul ated by the method of Reed and Muench { 1938) as modi fied 
by Lennette and Schmidt ( 1964) .  
The microti tre technique for the neutral i sation test as described by 
Cybi nski et al . ,  ( 1978) , was used with Akabane v i rus.  The changes made 
were the subst i tution of the appropriate v i rus from those 1 i sted above, 
together with their  correspondi ng control ant i sera. The ti ssue cul tures 
used were Vero (Green monkey ki dney•) .  Al l sera were tested at a mini mum 
di l ution of 1 : 4 ,  and where appl i cabl e t itrated in twofol d d i l utions. 
Serological Tests on Fowl Sera : The bal ance of the fowl sera recei ved 
from CSIRO was tested at QIMR, by haemaggl utination i nh ib it ion ( H I )  and 
neutral i sation tests as descri bed by Casa l s  ( 1967} or Doherty et al . 
( 1976) . The reagents used for al phavi rus HI tests were prepared from the 
MRM39 stra i n  Si ndbi s vi rus , and for f laviv i ruses from Murray Val l ey 
Encephal i t i s  v i rus (MVE) and Kunj i n  vi rus (MRM16 ) .  For much of the study ,  
sera were checked rout i nely for H I  anti body to MVE, Kunj i n  and Sindbis 
virus, and pos i t i ves to these tests were checked by neutral i sation tests 
in mice. 
Virus Isol ations : There was no suggestion in the origi nal protocol that 
virus iso lat ion be attempted. However , in 1975, i n sects were trapped on 
Bow Park station and stored in n i trogen . Twenty poo l s  each of 100 
C. dyce1 of a sub-sampl e of a massi ve singl e ni ght catch of 105 i nsects of 
this species were processed in suckl i ng m ice by the method described by 
St.George et al . ( 1978 ) .  Thi s was the only occasion that i nsects were 
trapped for vi rus i so 1 at ion.  I n  1976-1977 ,  a proportion of the b 1 ood 
clots were cul tured i n  baby hamster t i ssue cul tures for vi ruses. The 
method for detecting  vi ruses was described by St .George et al . ( 1978 ) .  
Entomology: The project area was v i s i ted i n  October 1974 by Mr . O . F . R .  
Davey and September 1975 by M r .  H . A .  Standfast and Mr. T.O. St . George when 
i nsects were col l ected in 1 i ght traps and truck traps pri nci pal ly  for 
taxonomic  studi es . The col l ecti ng and sorting  techn i ques have been 
descri bed by Oyce et al . ( 1972) .  Mi n i ature 1 i ght traps (F i gures 4 , 5 )  
fitted wi th  0 .7  watt bul bs and  control l ed by  a l i ght sensi t i ve switch were 
located on five properties ( Hughenden Stat ion ;  Bow Park ; Canob ie ;  Wondoo la  
and Toorak ) .  The traps were s i ted i n  areas cl ose t o  poul try runs and 
cattle yards. Col l ections were made i nto al cohol on the two n i ghts prior 
to the cattle bei ng b l ed .  The col l ecti ons i n  al cohol were forwarded to 
the Long Pocket Laboratories where b i t i ng fl i es were sorted to species .  
RESULTS 
The whole  scheme of col l ecti ons ran for three years, a lthough not a l l 
sentinel groups of catt l e  were mai ntai ned for th is  whole period.  The 
group at "Ounl uce Station "  were not ava i l able between March I975 and June 
1975, and was terminated in June 1976. The group at "Hughenden Stat ion ·' 
was termi nated i n  January 1g77. There were various occasions when for 
local reasons , for i nstance adverse cl imat i c  condi t ion s ,  a part icu lar  
group coul d not be mustered. The sporadic occasions on which part i cu l ar 
groups were not sampled 0re shown without data in the mai n serologi cal 
tab 1 es. 
* Commonwea 1 th  Serum Laboratori es , Me 1 bourne. 
Figure 4. A m i n i ature l i ght trap devel oped for the Fl i nders Ri ver Bas i n  
survey. The trap i ncorporates a 1 i ght sen s i t i ve switch whi ch  turns 
i t  on at sunset and off at sunri se . Thi s al l ows the cooperator to 
set the trap at any t i me d u r i n g  the day. These traps are now used 
extens i vely in surveys of  i n sects associ ated w i t h  l i vestock i n  
northern Austral i a .  
70% ALCOHOL 
F i gure 5.  A sect i onal  d i a gram of the 
the F l i nders R i ve r  Ba s i n  su rvey . 
watt bulb  i t  wi l l  operate for two 
' D '  al k a l i n e  cel l s . 
R 2 6 10 CMS _H H I  
SCALE 1 : 2 
WEATHER PROOF 
BOX HOLDS THREE 
DRY BATTERIES AND 
TRANSISTORISED 
SWITCH. 
m i n i a t ure l i ght t ra p  devel oped for 
When the t r a p  i s  fi tted wi t h  a 0 . 7  
to three n i ghts o n  o n e  s e t  o f  s i ze 
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TABLE 1 
A compori son of cl i n ical reports of ephemeral fever i n  herds on the 





Bow Pa rk 
Cinobi e 







Wondoo 1 a 
Hughenden 





Wondoo 1 a 
Cl i n i col Ephemeral Fever 
Reports 
_!_ i'!..!X_ l2Z± _:_ lQ_ � .!2Zi 
Jon-Feb-Mar 
Feb 
N i l  




_!_ i'!..!X_ � _:_ lQ_  June � 
Jun-Jul 
Ni 1 
N i l  
Ni l 
Feb & Mar-Apr 
Feb-Mar 
Mar-Apr 







Dunl uce was not sampled in thi s per iod .  
Key to Tobles 2, 3 ond 4. 
Seroconvers ion  between 





Sept-Oct & Feb-Mar-Apr 
Jan-Feb - Mor-Apr 
Jon-Feb-Mor 




Jan-Feb & Mar-Apr-May 
Oct-Nov & Jan-Feb-Mar 
Feb-Mar 





Jan-Feb & Mar-Apr 
* Fi rst bl eeding of o new group of sent i nel s with  no overl ap of  a previous 
group. 
0 = No seroconvers ion .  
NC  = No sampl es . 
* = The numerator i s  the number of cattl e whi c h  seroconverted s i nce the 
previous sampl ing  ond the denomi nator i s  the number of catt l e  i n  the 
sentinel group which were seronegot i ve on the prev i ous occas i on and thus 
presumed suscept ib le  to i n fect i on. 
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TABLE 2 
A sumuy of the serology of the sentinel c•ttl e to ephemer•l fever virus. 
Senti nel 1974/75 
Herds Jul Aug Sep Oct Nov Dec Jan Feb Mir Apr Miy Jun 
Hughenden * 0/12  0/12 0/12 0/12  0/12  1/12 2/11 2/9 0/7 1/7 0/6 
Dunl uce 0/11 0/11  0/11  0/11 0/11 0/11 0/11 0/1 1  * 0/9 0/9 0/9 
Hazel wood 0/12 0/12  0/12  0/12 0/12  0/12 0/12 1/12 0/1 1  0/1 1  0/1 1  0/1 1  
Toorak 0/11 0/12 0/12 0/12  0/12 0/12 0/12 0/12 0/12 0/12 0/12 
Bow Park 0/12  0/12 0/12  2/12 0/10 0/10 0/10 0/10 3/10 1/7 0/6 0/6 






Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr M•y Jun 
0/10 0/10 1/10 0/9 0/9 0/9 0/9 0/8 0/8 2/8 2/6 
0/9 0/1 1  0/1 1  0/1 1  0/11 0/11 0/11  0/11 0/11 1/11 0/10 0/10 
0/10 0/10 0/10 0/10 0/10 0/9 0/9 0/9 0/9 0/9 0/9 
Toorak 0/12 * 0/11 0/1 1  0/1 1  0/11  0/11  0/11 0/1 1  0/11 0/1 1  0/ 11  
Bow P.rk 
Canobi e 
* 0/11 0/11 0/1 1  0/1 1  0/11  0/1 1  4/11 0/7 5/7 1/2 0/1 
0/10 0/10 0/10 0/9 2/9 0/7 4/7 1/3 1/2 NC NC NC 
������1�========*====0jJ===Oj=9===0jJ===Oj=9===0j=9===0j,9===0jJ==N='{=}j}�==Oj}===Oj,2== 
1976/77 
Jul Aug Sep Oct Nov Dec Jan Feb M•r Apr Miy Jun 
Hughen den 0/10 0/10 0/10  0/10 NC 0/10 0/10 0/10 1/10 0/9 1/9 
Hazel wood * 0/11 0/11 0/11  0/11 0/11  0/10 0/10 0/10 0/10 0/10 0/10 
Toorak 0/1 1  0/1 1  0/ 11  0/11 0/11 0/1 1  0/11 0/1 1  0/1 1  NC NC NC 
Bow Pirk 
Cinobie NC 
Wondool • 0/3 
Monthly Total s  0 1974-1977 
0/10 0/10 0/10  0/10 0/10 0/10 3/10 2/7 3/4 0/l 
* 
0/4 
0/12  0/11 0/11 0/11 0/11 5/11 2/6 1/4 0/3 
0/4 0/4 0/4 0/4 0/4 1/4 0/3 2/3 0/1 






A sU11'111<lry of the serology of the sentinel c�ttle to Akib�ne virus 
Sentinel 1974/75 
Herds Jul Aug .Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
Hughenden * 0/9 0/9 1/9 2/8 0/6 0/6 1/6 0/5 0/5 5/5 0/0 
Dun 1 uce 0/6 1/6 0/7 0/8 0/8 0/B 0/8 0/8 0/2 0/3 1/4 
Hazel wood 1/12 1/11 1/10 2/9 0/7 0/7 0/7 0/7 0/7 0/7 0/7 0/7 
Toorak 0/2 0/6 0/7 0/10 0/10 0/10 0/10 0/10  0/10  0/10  0/10 
Bow Park 0/9 3/11 5/8 2/3 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 
Canobie 0/6 0/6 0/5 0/2 0/3 1/4 0/3 0/3 0/3 0/3* 0/8 0/8 
�����!�=======,J====6j=9===0J) ••• OJ) ••• OJ) ••• OJ) ••• oJ.3===0J) ••• oJ).==Oj}===OJ) ••• OJ.J.. 
1975/76 
Jul Aug Sep Oct Nov Dec Jan Feb Ma r Apr May Jun 
Hughenden * 0/4 0/4 0/4 1/4 0/3 0/3 0/3 0/2 0/2 2/2 0/0 
Dunl uce 0/3 0/4 0/5 0/5 0/5 0/ l l  0/l l  0/ l l  0/1 1  2/11 4/9 0/9 
Haze 1 wood 0/6 0/6 0/6 0/6 1/6 0/5 0/ 5 0/5 0/5 0/5 0/5 
Toorak 0/10 * 0/1 0/ l 0/1 0/4 0/6 0/10 0/11 0/1 1  0/ll 0/l l  
Bow Park 0/10 8/10 0/2 0/3 0/4 0/4 0/4 0/4 0/4 0/4 3/4 
Canobi e 0/8 0/8 4/8 1/4 0/3 0/3 0/3 0/3 0/3 NC NC NC 
�����l�========*===N='L}/.4. • .2/=L.OD • • •  oD===o/) • • •  oJ} ••• OJ).==oj}===Oj) • • •  oJ}== 
1976/77 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
Hughenden 0/4 0/4 0/4 2/4 NC 1/2 0/1 0/ 1 0/1 0/1 0/l 
Hi zel wood 0/7 0/7 0! 7 0/7 1/7 0/6 0/6 0/6 0/6 0/6 0/6 
Toorak 0/l l  0/ll 0/l l  0/11 0/l l  0/11 0/ ll  0/11  0/1 1 NC NC NC 
Bow Po rk 0/7 0/7 0/7 2/7 1/6 0/5 0/5 0/5 0/4 0/4 0/4 
Canobie NC * 1/11 2/9 1/7 0/6 0/6 0/6 0/6 0/6 0/6 5/6 
�� � ��� l � == = == = Q� 1 Q =?l!! = =Oj}= = .Of.9= = =Oj=9= = .Of=8= = =OJ.8. = =Oj=8= = =Oj=8= = =Oj=8= = J!.fl. = ]j}.. 
Monthly Total s 
1974-1977 18 20 10 8 0 12 16 
15 .  
TABLE 4 








Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
* 0/1 2  0/1 2  2/12 0/10 0/10 0/10 0/10 0/10 0/10 2/10 4/8 
0/1 1  0/11  0/1 1  0/1 1  1/11 0/10 0/10 0/10  0/10 0/10 0/10  0/10  
0/1 2  0/1 2  0/1 2  0/1 2  0/12 0/12 0/1 2  0/12 0/1 2  0/1 2  1/12 
0/12  0/11 0/1 1  0/1 1  0 / 1 1  0/11  0/1 1  0/1 1  0/1 1  0/11 0/11 
���=����========*===gng=gng=gnQ=Jm==Oj=LOj=9==)J=LOJ=LOj=B===oj=B==)j=!l,= 
1976/77 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
Hughenden 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9 
Hazelwood 0/9 0/9 0/9 0/9 0/9 0/8 0/8 0/8 0/8 0/8 0/8 
Toorak 0/11 0/11 0/11 0/1 1  0/1 1  0/11  0/1 1  0/1 1  0/1 1  NC NC NC 
Bow Park 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10  0/10 0/10 0/ 10 
Canobi e NC * 0/11 0/1 1  0/1 1  0/11 0/11  0/1 1  0/1 1  0/1 1  0/11  0/ 11  
Wondoo l a * 0/12  0/12 0/12  0/12  0/1 1  0/1 1  0/11  0/11  0/11  0/1 1  2/11 
Monthly Total s 
1975-1977 8 
TABLE 5 
Percentage of sentinel cattle aged 16-20 100nths without detectable 
anti body to Akabane vi rus. 
Property 1974/75  1975/76 1976/77 
Hughenden 0 0 12  
Dunl uce 62 45 
Toor.k 100 100 100 
Hazel wood 58 83 85 
Bow Park 59 
Canobi e 66 
Wondoo l a  33 1 1  
16.  
Seasonal Conditions : The rai nfal l pattern was normal in that there was a 
wet summer each year and a dry peri ad i n  wi nter. The ra i nfa 1 1  patterns 
expressed by years is shown in Appendix 2, and by stati ons  in Appendix 3. 
SENTINEL CATTLE 
Ephemeral Fever:  Cl i ni ca 1 ephemeral fever occurred i n  the Fl i nders River 
basin and in nearby areas duri ng each of  the years of  the study- It was 
reported from many properties other than those bei ng sampl ed. . The occasions when the di sease was observed on the stat1 0n where the sent1nel 
group was si tuated , but not necessari ly  in the senti nel groups is noted i n  
Table I .  The occurrence of  cl i n i cal d i sease i s  al so compared with the 
serol ogical evidence of BEF vi rus i n fection in the senti nel herds. The 
system of recording  was to score the i nterval s where no i n fection  wi th BEF 
vi rus of the sentinel group occurred as zero . In the ratio  shown in Table 
2 the number of cattl e which  seroconverted is shown as the numerator and 
the denomi nator denotes the number of  cattl e without BEF anti body at the 
time of sampl i ng ,  thus being suscept i bl e to i n fection i n  the previous 
month. These resul ts are shown in Tabl e 2, and d i sclose that BEF vi rus 
i nfection occurred on each station , except Toora k ,  duri ng the period of 
the study. 
Akabane Virus : A summary of the serol ogi cal resul ts i s  shown i n  Table  3 
in a simi l ar system to that used for ephemeral fever. A total of 33 
cattle seroconverted to Akabane vi rus in 1974-1975 in six of  the groups of 
sentinel cattl e ,  the exception bei ng that on Toorak . In 1975-1976, 34 
cattle seroconverted , and 26 in 1976-1977. In each i nstance where 
seroconvers ion occurred , pos i t i ve sera were t i trated to confi rm the 
conversion .  Antibodies rose to ti tres between 8 and 256 and sometimes 
persi sted at a high ti tre. However , about 10% of catt l e  ma i ntai ned a low 
ti tre of 4 to 8, for l ess than the 12 month observation period. Akabane 
vi rus was i sol ated from a bl ood sampl e col l ected from a young bul l at 
Canobie in August 1976. The seroconversion of thi s animal i n  the standard 
ft.kabane vi rus neutra 1 i sat ion test occurred i n  the serum col l ected the 
fo l l owi ng month. The percentage of cattl e aged between 16 and 20 months 
seronegati ve for Akabane vi rus anti body whi l e  in that age bracket is shown 
in Table 5. On Toorak ,  11 of the 12 cal ves tested i n  1974 and 1975 had 
maternal antibodies to Akabane vi rus . The ant ibodies had d i sappeared from 
the group by October 1974 and February 1976 respecti vely. No subsequent 
seroconversi on occurred. 
Aino Vi rus :  The resul ts of  tests for neutral i si ng antibodies to Aino 
vi rus are shown in Table  4. Onl y  13/57 of the catt l e  tested in the 1975-
1976 year seroconverted and 2/51 in 1976-1977 .  No di sease associ a ted with 
Aino vi rus was reported. The system of  record i n g  seroconversions is the 
same as for BEF and Akabane vi rus i n fections . 
Peaton Vi rus : Very few anima l s  were tested for antibodies to th is  vi rus 
and then only early and l ate in the 1976-1977 year. Ant i bodies were found 
as fol l ows : - Hughenden 2/12,  Hazel wood 2/1 1 ,  Toorak 0/5, Bow Park 4/10, 
Canob1e 7/12 and Wondool a 9/1 1 .  No d i sease was known that coul d be 
associ ated with this  i n fection.  
Bunyip Creek Vi rus : Test results from the 1975-1976 and 1976-1977 seasons 
reveal a low l evel of act i v i ty overa l l  wi th only 5/124 of  the potent ia l ly 
����:�:1ble cattl e 1 n  the two years seroconverti n g ,  none o f  them bei ng on 
17.  
Ross River Vi rus :  There was a def in ite change of serological status of 
many of the senti ne 1 catt le  as j udged by the Ross Ri ver vi rus 
neutral i sation test. Catt le  which  were negative for anti body i n  serial 
monthly sampl es i n  serum tested at a di l ut ion of 1 : 4 ,  became pos it ive at 
that d i l ution. However , i n  few i nstances did the ti tre r i se s i gni ficantly 
above that l evel . The anti body persi sted for two to fi ve months. 
The devel opment of this l ow anti body l evel was seasona l ly  l i nked and 
occurred in the same time frame on s ix  of the seven senti nel herds. In 
1974-75,  42/56 ( 75%) of cattle  seroconverted between December and March, 
and 1n 1975-76 35/60 ( 58%) converted between December and Apri l .  The 
exception among the herds was Toorak where no Ross Ri ver anti body was 
detected i n  the two years of testi ng.  
SENTINEL SHEEP 
The senti nel sheep were on one station onl y ,  Toorak . In the whol e 
three year period of the exi stence of this senti nel fl ock , no anti body was 
detected , therefore no seroconvers i on occurred to BEF, Aka bane , Ai no , Ross 
River vi rus or the Bunyi p Creek vi rus. 
SEROLOGY O F HORSES 
Of the 13 horses bl ed on Toorak ,  pl us one on each of Hughen den , 
Ounl uce, Hazel wood , Bow Park ,  and Wondoola i n  the 1974-1975 year ,  al l  were 
negative for neutral i si ng  antibodies to BEF v irus ,  Aino and Bunyip Creek 
virus, and a l l  were pos i t i ve for anti bodies to Ross Ri ver and Akabane 
viruses from the fi rst occasion they were bl ed which was in June and July 
1974 and every occasion that they were sampled thereafter. 
SENTINEL FOWLS 
The sentinel fowl sera showed no evi dence of neutral i s ing anti bodies 
to BEF vi rus at any time duri ng the l i fe of the project. Flavivi rus 
infection occurred in the F1 i nders Ri ver Bas i n  i n  three consecutive years 
in the study. Both MVE and Kunj i n  vi rus were active each year.  The 
detai l  of the seroconversion of fowl s to these vi ruses is shown in Tabl e 
6. Most reacti v i ty occurred at the four centres which were 1 ower down the 
ri ver system namely Bow Park , Canobi e ,  Wondoo 1 a and Norman ton , but i n  
1977 , activ ity was general . Peak i nc i dence of conversion appeared to have 
occurred in March-Apri l , and al l seroconversion in sunvner and autumn , but 
with a wide range from December-January to May-June. 
Si ndb i s  vi rus i n fection occurred mostly in the summer and autumn 
(Table 7 ) .  Inci dence of i nfecti on by pl ace and year did not show any 
close correl ation with that of the flavivi ruses. A few i n fections d id  
occur i n  September-October whi ch i ndi cates di ssemi nat  ion  of v i rus at  the 
height of the dry season. · 
It shoul d be noted that only serolog ical responses whi ch were 
confi rmed on l ater bl eeds are l i sted i n  Table 7. Low-ti tre HI responses 
found in a s ing le  sampl e were not i n frequent , but have been di sregarded. 
There was however ,  some evi dence of rel ati vely brief immune responses in 
seroconversi ons  in two or  three consecutive monthly bl eeds , which were 
confi rmed by neutral i sation tests , but whi ch reverted to negative i n  
subsequent months . Further neutra 1 i sat i on tests are needed on 1 ater sera 
from such cases. A compari son of the seroconversion rates at various 
sites to MVE/Al fuy and Sindb i s  vi ruses is shown in Table 8. 
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TABLE 6 
Serology of senti nel fowl s in the Fl i nder� �i ver Basi� _ 197�-1977 seroconversions to Murray Val l ey Encephaht1s and KunJ l n  v1 ruses 
Number convert i ng* Time of  seroconversiont Location 
1974-75 1975-76 1976-77 1974 1975 1976 1977 
Hughenden 0/1 1  0/7 3/12 Ni l Ni l  Ni l Apr ( 2 )  
( l ,l ,l )  May ( 1 )  
Ounl uce 0/11  0/1 1  NC N i l  Ni l Ni l NC 
Hazel wood 0/5 0/1 1  4/1 1  Nil Nil Nil Mar ( 1 )  
( 1 , 3 ,0 )  May ( 2 )  
Jun ( 1 )  
Jul i a  Ck 1/5 0/4 2/14 Ni l Apr ( 1 )  Nil  Mar ( 2) 
( 1 , 0 ,0) ( 1  ,0 , 1 ) 
Toorak NC 1/5 1/8 NC Nil Jan ( 1 )  Jun ( 3 )* 
( 1 ,0 ,0 )  ( 1 , 0 ,0 )  Mar ( 1 )  
Bow Park 6/11 2/7 7/10 Ni 1 Apr ( 4 )  Mar ( 2 )  Mar ( 5 )  
( 6 ,0 ,0 )  ( 0 , 2 ,0) ( 6 , 1 ,0 )  Jun ( 2 )  Apr ( 2 )  
Canobi e 4/9 3/7 1 1/13 Nil  Mar ( 4 )  Mar ( 3 )  Mar ( 1 1 )  
( 4 , 0 ,0) ( 1 , 2 ,0 )  ( 7  ,4 ,0 )  
Wondool a NC 10/ 11  9/10 NC N i l  Mar ( 9 )  Apr ( 6 )  
( 0 , 10 ,0 )  ( 2  , 3 ,4 )  Apr ( 3 )  May ( 1 )  
Norman ton 9/12 3/7 5/6 Nil Mar (  1 )  Jan ( 1 )  Jan ( 1 )  
( 7 '  1 , 1 )  ( 2 , 1 ,0) ( 2 , 1 ,2 )  Apr ( 5 )  Mar ( 2 )  May (4 )  
May (3 )  
* = Numbers react i ve by H I  to MVE or Kunj i n  anti gens/number tested for 
ful l period. In parentheses , the number of seroconvers i ens suggested 
by neutral i zation tests as due to MVE - Al fuy (not di st i ngui shab l e by 
these tests )  and Kunj i n  respecti vely.  The t h i rd f i gure i n  parentheses 
represents those sera whi ch gave comparable ti t res to both vi ruses . 
t = Month of fi rst posi t i ve bl eed. 
* = Approximately monthly bl eeding July to June , wi t h  exceptions .  These 
were Hughenden , Toorak , Wondool a and Normanton ,  where chickens 
forwarded in 1975 were replaced in Apri l  1976 ,  where bl eedings  were 
i rregular  ( 12 in the period July 1975 to May 1976 ) ,  and at Wondool a  
���
7 _
Normanton when n o  sampl es were c o  1 1  ected i n  February and March 
NC = No cel l  ection.  
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TABLE 7 
Serology of sentinel fowl s in the Fl i nders River Basin 1974-1977 
Seroconversion to Sindbi s vi rus 
Pl ace Number converti ng* Time of  seroconvers i onst 
1974-75 1975-76 1976-77 1974 1975 1976 1977 
Hughenden 0/1 1  1/7 2/12 Ni 1 Nil  Feb m Apr 
Oct ( 1 )  
Dunl uce 0/1 1  2/1 1  NC Nil Nil  Feb ( 2 )  
Hazelwood 0/5 1 / 1 1  1 / 1 1  N i  1 Jul ( 1 )  Jun ( 1 )  
Jul i a  Ck 1/5 1/4 3/14 Nil May ( 1 )  Mar ( 1 )  Mar ( 1 )  
Sep ( 2 )  
Toorak NC 2/5 3/8 NC Nil  Jan ( 1 )  Ni 1 
Mar ( l l  Jun ( 3 
Bow Park 3/1 1  4/7 0/10 Dec ( 1 )  May ( l l  Feb ( 3 )  N i l  
Jun ( 1  Mar ( 1 )  
Canobie 0/9 7!7 7/13 Nil Nil Mar m Mar ( 6)  Jul 
Wondoo 1 a NC 1 1/ 1 1  7/ 1 1  NC Jul ( 1 )  Jan ( 1 l Apr ( l l Mar (9  May ( 3  
Apr ( 3 )  
Normanton 0/12  3/7 2/6 N i l  Ni l Jun ( 1 )  N i  1 
Mar ( 2 )  
Apr ( 1 )  
May ( 1 )  
= Approximately monthly bleeding  July t o  June , with exceptions .  These 
were Hughenden , Toorak ,  Wondoo1 a and Normanton , where chi ckens 
forwarded in 1975 were repl aced in April 1976, where bl eedi ngs were 
i rregul ar ( 12 in the period July 1975 to May 1976 ) .  and at Wondoo 1 a 
and Normanton when no sampl es were co 1 1  ected in February and March 
1977. 
= Month of  fi rst pos i t i ve bl eed . 
No entry = not tested. 
NC = No co 1 1  ect ion .  
Virus Isol ation : Isolati ons of  vi ruses were made on  the  s i ng le  occasion 
that an i n sect col l ection was processed for vi ruses ,  two i sol ati ons of 
Wal l al vi rus were made from 20 poo l s  of  Cul i coi des dycei col l ected on Bow 
Park station in July 1975. A stra i n  of Akabane v1 rus was i sol ated from 
the c lot of a bl ood sampl e col l ected from a bul l in the sentinel group on 
Canobie on 26 August 1976. The deta i l s  of the i denti fi cation and 
characteri sation are descri bed by St . George et a l . ( 1977b ) 
Insect Activity: There are two facets of insect acti v i ty reported. The 
first was the subject i ve reports of the owners and the second was the 
objecti ve record of the i n sect traps in Tables 9 and 10. 
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TABLE 8 
Percentage of chickens converttng to MVE/Alfuy virus and Sindbi s vi rus 
at si tes grouped according to land systeno. 
1974/75 1975/76 1976/77 Sheep Cattle 
Normanton ,  Wondool a 
Canobi e ,  Bow Park 53 . 1  ( 9 . 4*) 9. 4 ( 78. 1 )  43.6 ( 40) 0 47 '500 
Hughenden , Toorak 
( 3 . 1 )  Dunl uce , Jul i a  Creek 3 . 1  2 .  6 ( 18 .4 )  8.9 ( 20) 35 ,000 4 , 500 
Haze 1 wood 
% of senti nel s seroconverti ng to Sindb i s  v i rus . 
The i nsects which attracted most attention as j udged from the owner 's 
reports were m
.
osqu i toes , buffalo fl i es ( Haematobia  ex i gua ) • .  horse fl ies 
(Tabanids ) ,  bush fl i es (Musca spp ) ,  cattl e bcks (Booj)lifTUS m1cropl us ) and 
other ti cks ( Rhi pi cephiiTiJS sangui neus and Ixodes spp). The 1 nsect 
act i v i ty was generally much lower 1n the wi nter than the summer, 
throughout the tr ia l . The outstandi ng observat i on in 1974-1975 was that 
insect act i v ity was low through the wi nter and i ncreased i n  November I974 
but did not reach a peak equal to that of the previous summer 1973-I974 
which was a record fl ood year .  In 1975-1976 and 1976-197 7 ,  the insect 
act i v i ty was not collJllented on part i cularly by the owners except to note 
that act i v i ty i ncreased i n  the wet summer months . 
The transects made in 1974 and 1975 to col l ect i n sects fami l i ari sed 
the entomol ogi sts with the spec i es to be foun d ,  and i n  1975 the s i tes for 
al cohol traps were chosen on Hughenden , Bow Park ,  Canobi e  and Wondool a 
Stat ions .  Dur ing the second transect in September 1975, enormous catches 
of c. dycei , greater than 100 , 000 i n sects per 1 i ght trap per n i ght , .were 
col lected on Bow Park i n  the fri ng i ng dry channel s of the Saxby Ri ver. 
The various species of  b i t i ng fl ies and t he s i tes at which they were 
col l ected are 1 i s  ted i n  Tab le  9. The months during whi ch C. brevitarsis ,  
C.  Oldrksi , Culex annuhrostris and  Phlebotooous spp. were col l ected at four 
of the f ive si tes are l i sted i n  Table 10 .  The f i fth s i te at Toorak i s  not 
1 i sted as only four very sma 1 1  co 1 1  ect i on s  were made there during  the 
period.  Background descri pt i ons of the b io log i cal character i st i cs of the 
various b i t i ng mi dges is g i ven in Append i x  4. 
Fauna : The season of 1974/lg75 was very favourab le  for water fowl as 
residual water areas remai ned from the fl oods of the previous summer. 
Large numbers of ducks ,  i b i s ,  egrets and parrots were observed until the 
end of August 1974. From January 1975 on there was a further i nfl ux of 
wi l d  b i rds whi ch nested and remai ned unt i l  the end of  July. 
DISCUSSION 
In the three years of the project , the seasonal cond i t i ons were 
reasonablY regul a r ,  w ith  dry wi nters and moderately wet summers.  Only 
minor showers occurred in the dry period from May to September or 
October. Thi s  meant t hat husbandry procedures at the sent i ne l  herd si tes 
21 .  
were not  i nterfered with  by droughts or major fl oods. The pattern of very 
dry wi nters i n  the three years of the project has occurred i n  previous 
times . However ,  as the 1 ong term average ra i n fal l fi gures show (Append i x  
2 ) ,  th i s  pattern does not al ways occur. Heavy rain has occurred i n  
earl ier wi nters.  Throughout much of the year access to each of the 
properties was possible by vehi cl e .  In the wet season , aeroplanes were 
used when surface movement was di fficul t ,  or imposs ib le .  Thi s  imposed 
some 1 imi tations on the poss ible  sampl i ng dates as due attention had to be 
given to safe flying  condi tions in monsoonal weather. Al so , movement by 
air meant that the time whi ch could be spent on maki ng observations at the 
site dur i ng the v i s it  was l imited , as priority was g i ven to obtai n ing  the 
blood sampl es. Local movement on the station during the wet season was 
d ifficul t ,  but usual ly the sentinel group coul d be mustered and handl ed . 
The high  ambient temperature of the 1 ong summers as i l l ustrated i n  
Figure 3 meant that great care had to be gi ven to the b 1 ood samples to 
ensure thei r cl eanl i ness and transport wi thout deterioration . After smal l  
i nitial  di fficul ti es ,  thi s  was achieved. 
The most successful year of the project was the fi rst year.  After 
that , not a l l  cooperators were able to mai ntain the ori g i nal commitment , 
at the expense of normal station procedures wi th l abour shortages . Also 
after the fi rst yea r ,  addit i onal observational and testing procedures were 
added as the potential of the project was real i sed , i nsect trapping bei ng 
the more i mportant. The extra l aboratory tests added did not i ncrease the 
fie 1 d requi rements . 
Ephemera 1 fever was reported from wi thin the Fl i nders Ri ver Bas i n  i n  
each o f  the years o f  the project. Thus the basic condi t ion necessary for 
the project to be abl e to test the hypothesi s  that ephemeral fever 
overwi ntered in the Fl i nders Ri ver Bas i n  was estab 1 i shed. The occurrence 
of ephemeral fever there was part of a wi der acti v ity of the di sease i n  
the same time frame reported by Uren et al . ( 1982 ) .  They reported that 
cl i n i cal di sease was a feature of the l ate spri ng , summer and autumn , but 
not the wi nter. A simi l ar p i cture emerged when the reports of cl i n i cal 
d isease from the sentinel herds are cons i dered (Table 1 ) .  
The serol ogy tends to  confi rm the cl i ni cal reports i n  each of the 
three years of the project , but i nd i cates a l onger time span of acti v ity 
of BEF vi rus i n fection.  The only occasions when di sease activity was 
clearly detected in the wi nter was at Hughenden station  in June-July of 
1975 at the end of a period of acti v ity extendi ng from Apr i l  of that 
year .  Of  the 74  c 1 ear-cut BEF seroconvers i ons  duri ng the project , 69 
occurred in the January-June hal f of the year , that is after the 
commencement of the wet season proper , and the phase of drying  out . There 
was thus no serol ogical or cl i n i cal evi dence that BEF vi rus ma i nta i ned 
itsel f by i n fect i ng cattl e during the wi nter , which was a l so the dry 
season c learly shown i n  the 1974-1977 rainfal l records in Appendices 
2 ,3. The l evel of sampl i ng was not high  so it was at least theoreti cal ly  
possible that BEF  vi rus could  mai nta i n  at  a l evel that the sampl i ng did 
not detect. Approxi mately 80 cattl e were sampled from an estimated 
popul ation of 90 ,000, about one-thi rd of whi ch would be susceptible in any 
one year. However ,  it must be remembered that in three success i ve seasons 
the same pattern of d i sconti nuity occurred in the dry months. Thus BEF 
virus is un l i kely to be mai ntai ned from season to season in cattl e .  The 
possi bi l i ty remains  that the v i rus i s  overwi ntering i n  another vertebrate 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































no anti body was detected , but as there is no objecti ve data wi l d  bi rds are 
not excl uded as reservo i r  hosts.  
The epidemiol og ical pattern for Akabane vi rus i n fection as judged by 
serol ogy was qu1te d i fferent to that of BEF vi rus. A graphical compari son 
is shown in Fi gure 6. Akabane vi rus i n fection was compl etely subcl i n ical 
and occurred in a l l  senti nel groups of cattl e ,  except those on Toorak . 
The only wet season Akabane vi rus i n fection seroconversions occurred i n  
between the sampl i ngs of  December and April i n  the three years of the 
project with one in January/February 1975, and one in December/January 
1977 , both on Hughenden Stati on .  There were sti l l  susceptib le  cattl e as 
seroconversi on of  rema i n i ng seronegat i ve animal s in the senti ne 1 group 
occurred subsequently. Thi s pattern is in marked contrast to that of BEF 
virus transmi ssion , and suggests that the two vi ruses are transmi tted by 
di fferent vectors. The survi val of Akabane v i rus i n fection from season to 
season al so requires further expl anation . An addit ional di ffi cul ty in the 
study of Akabane vi rus i n fecti on is that c l i n i cal si gns are not avai l ab le  
as  a guide and  serol ogy must be  used to  measure the act iv ity of the agent. 
Akabane v i rus has been previ ously i sol ated from hea l thy cattl e ,  once 
from a young bul l at Canob i e ,  and 71 other times from heal thy catt le  and 
43 times from associ ated Cul icoides brevitarsis (St . George et al . ,  1977b ; 
St . George et al . 1978 ; St . George , unpubl i shed data ) .  Although C. 
brevitarsis i s  not yet proven as a vector of Akabane vi rus (in terms of 
WHO cri teri a )  there is l i ttl e doubt that i t  is the major vector i n  
Austral i a .  Logi cal ly  therefore the transmiss ion of Akabane v i rus shoul d 
occur when there are adequate numbers of C. brevi tars i s  present pl us 
suscepti b le  hosts (catt l e ,  sheep and horses ) .  The spring r i se o f  C. 
brevitarsis popu l ation has correl ated with the transmi ssion of Akabane 
vi rus at Peachester in S . E .  coastal Queensl and in fi ve years of 
observations ( Stand fast ,  Mul l er and St . George , unpubl i shed data ) .  
The bio l ogy o f  C .  brevitarsis i s  c losely l i nked to the cow. C. 
brevitarsis breeds in cow dung (Cannon and Reye , 1966) and feeds on cattle 
however i t  al so feeds on horses and sheep but not humans (Mul l er and 
Murray , 1977 ) .  The i nsect was wel l represented in the l i ght trap 
col lections (Table 10) . the data in that Table i ndicating that it was more 
abundant duri ng the dry season .  Thi s confi rms popul ation trends noted at 
Beatrice Hi l l , Northern Terri tory (Dyce and Standfast , unpubl i shed data ) 
but is contrary to the f indings  of Campbel l  and Kettl e  ( 1979) and 
Stand fast and Mul l er (unpubl i shed data ) for south-east Queensl and where 
popul ati ons peak in the summer. The peak i ng of seroconvers ions to Aka bane 
vi rus in the Jul y/October period ( F i gure 6 }  is in accord wi th the resu lts  
of the l i ght trap  col l ections .  The reasons for  the l arge popul ations of  
thi s  i nsect i n  the  dry season i n  the  Fl i nders Ri ver bas i n  i n  contrast to 
the coastal areas are not known. One expl anati on coul d be that during the 
wet season water and pasture are freely avai l ab l e  over a wide area 
enabl i ng cattle  to di sperse hence dung pats are scattered. At the end of  
the wet season the  ground dries out  rapidly and cattl e are  once more 
forced to congregate around the watering points .  Thi s concentration of 
cattl e and dung could al l ow C. brevi tarsi s popul ations to reach hi gher 
level s than those reached when catt le  and dung are widely d i spersed . 
The data on abundance of C. brevitarsis avai l ab l e  for south-east 
Queensland ( Standfast and Mul l e r ,  unpubl i shed) i nd i cates there are "good" 
and "bad" years for C. brevitarsi s .  The insect col l ection data surrrnari sed 
in Table  10 i ndi cates that var i ations in C. brevitarsis abundance occur i n  
26. 
the Fl i nders Ri ver Bas i n .  There i s  an obvious need to understand the 
biol ogy of this i nsect in  i n l and areas as i t  appears to be d i fferent from 
that of  coasta 1 areas. 
If  cattl e or sheep are i n fected during pregnancy wi th  Akabane vi rus 
then the vi rus may cross the pl acenta. Thi s resu lts  in abort ion , or 
various abnormal i ti es in the devel oping  foetus such as hydranencephaly or 
arthrogrypos is revi ewed by Inaba and Matumoto ( 1981 ) .  An epi demic of 
arthrogrypos i s  and hydranencepha ly  in New South Wal es was thought to have 
been caused by a southerly shi ft of  C. brevitarsis taki ng the vi rus from 
an endemic s i tuation to an area where the cattle popul ation contai ned 
highly susceptib le  pregnant anima l s  ( Del l a-Porta et al . ,  1976 ) .  In the 
same paper it was suggested that sporadic cases cou ld  occur in northern 
areas where the vi rus was endem ic .  The resul ts of  the present study 
i ndi cate that the r isk  i s  much greater than previously apprec i ated, with 
the fl uctuations  of C. brevi tarsi s popu 1 at ions from year to year creating 
cond i tions simi l ar to those wh i c h  resul ted i n  the New South Wales epidemic 
in  1974. The variation in ri sk from herd to herd i n  the Fl i nders River 
Bas in  is i l l ustrated in Tabl e 5. 
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Fi gure 6. Percentage of non-1mmune cattle  at Wandool a ,  canobie and Bow 
Park converting each month to Akabane vi rus (X--x )  and to bov i ne 
ephemeral fever (• - - - -• ) . 
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The hi gher popul ation density of catt le  in da i rying areas of central 
New South Wal es and seasonal mat i ng peaks focus the problem whi ch ,  i n  the 
extens i ve grazing areas , coul d pass unnoticed wi th the di fferent husbandry 
practi ces. 
At Canobi e ,  a _property wi th approximately 25,000 catt l e ,  66% of animal s were suscept 1 bl e at 16 to 20 months of age to the vi rus whi 1 e on 
the southern properti es in the study , Hazl ewood , Dunluce and Toorak , the 
percentage of suscept i b l es at 16 to 20 months of age varied from 45% to 
100%. Hughenden station on the south had a hi gh transmi ss ion rate during 
the years stud ied so the risk of arthogryposis  and hydranencephaly due to 
Akabane vi rus woul d be much l ower in the catt le  on this property. The 
cattle and sheep on Toorak would have been susceptible  i n  each of the 
three years of the sudy , when they reached breeding age (Table 3 ) .  The 
risk during the observation years 1974 to 1977 was of course ni l ,  as there 
was no exposure. However , si nee maternal anti body i ndi cated that Aka bane 
infection had occurred in the past, perhaps in the exceptiona l ly  wet 
season of 1973-1974 (Appendix  2 ) , i t  wi l l  occur agai n ,  and cause foetal 
defects. 
The breed i ng of catt l e  and sheep was uncontrol l ed on Hughenden , 
Hazel wood , Canobie and Wondoo l a .  However , there was a peak in ca lving and 
l ambing affected by nutri tion and husbandry. Thus on Hughenden and 
Hazel wood calving and l ambi ng peaked i n  January to March ;  Canobie in 
November-December ; and on Wondool a i n  August-September . On the stati ons 
with control l ed mati ng ,  cal vi ng or l ambing occurred i n  the January to 
March period (Appendix 1 ) .  The timing of the pregnancy in rel ation to the 
peak of Akabane vi rus transmi ssion has to be taken i nto account , as the 
greatest chance of foetal damage occurs in the fi rst trimester of 
pregnancy of a non -immune dama 
By combining  the i n formation on the seasonal i ty of transmi ssion of 
Akabane vi rus 1974-1977 (Tab l e  3 ) ,  with the timing of mati ng i n  the 
various herds (Appendix  1) the probabi l i ty of non-immune animal s of 
breedi ng age bei ng pregnant at the time of peak transmission can be 
crudely estimated . The r i sk  to catt le  i n  the various stations varied from 
1 ow ( Hughenden , Toora k ) ,  to moderate ( Canobi e ,  Wondool a )  and high 
(Dunl uce , Hazel wood ) .  The r isk  to the sheep on Hughenden , Dunl uce and 
Hazl ewood was h igh .  
The presence of predators , di ngoes or  pi g s ,  which  would deal promptly 
with any st i 11 born or defecti ve ca 1f or 1 amb woul d  make defi n it ion of a 
problem of foetal damage di ffi cul t .  I t  would be unwi se to extrapol ate 
into years a fter 1977,  other than to say that if the problem exi sted i n  
1974-1977, i t  i s  probably a cont inu ing one. 
Aino v i rus is apparently transmi tted at a much lower rate ( Table 4) 
than Akabane v i rus . It is therefore much more l i kely that cattl e or sheep 
could reach breed ing age before being i n fected. Since Aino vi rus is a 
highly probabl e cause of foetal damage simi l ar to that caused by Akabane 
virus (Coverdal e et al . ,  1979 ) ,  it i s  more l i kely that thi s vi rus coul d 
cause such defects i n  the Fl i nders area than Akabane v irus.  The effects 
of Peaton vi rus on foetuses is sti l l  poorly understood. It is l ethal to 
chick embryos in l a boratory model s (McPhee et al . ,  1982 ) .  Aside from 
noting 24/61 seroconversions in 1966-197 7 ,  noth ing  can be deri ved from 
this incompl ete data , except to say it was present in the area . 
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The epidemiology of the rema 1 n 1 ng vi ruses of  the Simbu group i n  
Austra 1 i a ,  Douglas and T i  naroo ( St .  George e t  a 1 . ,  1979) was not studied. 
Each of these vi ruses has been i sol ated from C. brevitarsis (St . George et 
al . ,  1979; St . George, unpubl i shed data ) .  Each of  these vi ruses coul d 
therefore be transmitted i n  the F1 i nders Ri ver regio n .  
The demonstrati on of  f1 a v i  v i rus act i v i ty i n  sent i ne 1 chi ckens i n  
three consecutive years i s  a useful addi t i on t o  previous i n formation  which 
suggested annual act i v i ty in Cape York Peni nsul a but only occasional 
di ssemi nation in south-west Queensl and.  It is  notabl e that both MVE and 
Kunj in vi ruses were act i ve each year. Act i v i ty at the four northern 
centres , Normanton , Wondoo 1 a ,  Canobi e and Bow Par k ,  was considerably 
higher than that recorded for the stat i ons in the Mi tchel l Grass pl ains 
1 and system , (Jul i a  Creek , Toorak , Richmond ,  Dunl  uce and Hughenden ) (Tab 1 e 
8 ) .  Di fferences i n  temperature and humi d i ty at the two groups of senti nel 
stations were smal l and wou ld  not account for the d i fference i n  conversion 
rates. Rai nfal l is s i g n i fi cantly h igher ( Appendix  3 )  in the northern 
groups of properties where the senti nel fl ocks were si tuated cl oser to the 
r iver channel s than in the southern group. One other major di fference 
between the two groups is that the northern stat ions  are catt l e  properties 
whi l e  the southern properties are in predomi nantly sheep rearing  areas .  
The inc idence of  conversion to MVE/ Al fuy v i  ruses was much  1 ower i n  
1975/76. A study of rai n fal l for the t hree seasons shows t hat a l though 
the total ra i n  fal l i ng during the December to March period was not greatly 
di fferent in 1975/76 from other years the di stri buti on of rain duri ng the 
season was markedly di fferent wi th  l i ttl e or no ra i n  fal l i ng during the 
months of March. Hence the early di sappearance of  ground pool s ,  the 
breeding site of the mosqui to vector ( Cx annul i rostri s)  of these 
vi ruses. The early drying out of  the country is refl ected in the pasture 
growth in the area which  was recorded as moderate to poor during  March of 
that year. The number of peopl e at r i sk of  i n fecti on i n  the area is j ust 
under 10,000. About hal f are in sma l l  groups of 5-20 i n  rural s ituati ons 
simi l ar to those at the senti nel herd s i tes and the rest in urban groups 
(Appendi x  1 ) .  No compl ementary study was done on human i n fecti on with  MVE 
vi rus. To thi s sparse and scattered permanent popul ation shoul d be added 
the thousands of touri sts who v i s i t  during the dry winter.  Transmission 
of al phavi rus certain ly  occurred in the early part of the dry season in 
1974-197 7 ,  but not l ater in the mai n  part of  the tour ist  i nfl ux . 
The di fference in endemi c i ty of Si ndbi s vi rus between the northern and southern si tes is not as wel l marked as di fference i n  endem ic i ty of the flavivi ruses . Sindbis i n fection in domestic fowl s has previ ously been shown t? occur in sumner-autumn over a wide range of eastern and northern Austra l 1 a ,  and present resul ts are therefore not unexpected. Si ndbis v1 rus ha� been i sol ated from Cx annul i rostri s ,  Cx fatigans and Ae normanens1s (Doherty 1972 ) .  Al l t hese species were represented i n  the l 1 ght trap col l ections (Tab l e  9 ) .  
The s ign i ficance of  the seroconversion o f  cattl e t o  Ross Ri ver v i rus is uncerta1 n .  The l ow level of  anti body cannot be d i sm i ssed as test error as the pattern of  appearance was genera l l y  simi l ar i n  seasonal i ty in s ix  herds , but  m1 ss1 ng from the  seventh ,  Toorak. Thus  test  error  i s  unl 1 kely. It 1 s  poss 1 b le  that ei t her Ross Ri ver vi rus i nduces o n ly  a l ml ted ant1 body response i n  most catt l e ,  or it coul d be that the l ow ant 1 body react 1 0n 1 s caused by cross react ion to a related al phavi rus .  
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The absence of seroconversion  to Ross Ri ver v i rus on Toorak ,  in 
cattl e or sheep, i s  of i nterest because i t  i s  a simi l ar finding to that of 
the other vi rus antibod ies wh ich  were absent only from Toorak of the seven 
senti nel herds. The al phav i ruses ,  Ross Ri ver , Getah and Si ndbi s ,  have 
been 1 i nked to mosquito species as vectors and have been i so 1 a ted from the 
fol l owi ng species  known to occur in the Fl i nders River Basin : - Ae (Och) 
normanensis ,  Ae (Och) vigil  ax , An (Cel ) amictus, Cx (Cux) annul i rostri s ,  
Cx (Cux) bitaeniorhynchus, Cx (Cux) fatigans, Cx (Cux) squamosus and Cx 
(Cui ) pull us (Doherty et al . ,  1973b and Dcherty et al . ,  1979 ) .  
The timing o f  the i nfection with the vi rus i nducing the antibody to 
Ross Ri ver anti body in the wet season is a much cl oser i nfection pattern 
to that of BEF i nfection , than that of  the Simbu group vi ruses. Doherty 
et al . ( 1973a ) reported that neutral i s i ng anti body to Ross Ri ver vi rus and 
BEF appeared in a Burketown sentinel herd between February and May 1971.  
When the i n formation accumul ated in the project rel ati ng to the 
epidemi o 1 ogy of ephemera 1 fever and Aka bane vi rus and to a 1 esser extent 
to other arbovi ruses over the three years of the project is consi dered 
together with the i n formation accumul ated over a two year period on C. 
brevitarsis an i nteresting  pi cture emerges. Ephemeral fever vi rus i s  
transmitted i n  the wetter part of  the year a s  i s  Ross Ri ver vi rus , i n  
contrast to Akabane vi rus whi ch i s  spread most effi c i ently in  the dry 
season (F i gure 6 ) .  Both Akabane vi rus and C. brevitarsis are more 
preval ent in the drier season . If BEF vi rus were transmi tted by C. 
brevi tarsi s it waul d be expected that thei r seasona 1 it i es woul d  be simi 1 ar 
to each other and al so to that of  Akabane vi rus , not in contrast. 
Suspi cion should beg i n  to shi ft from C. brevitarsis bei ng the mai n  vector 
of BEF, where it has been focussed for some years, to an insect more 
favoured by the envi ronment of the l atter part of the wet season. Ground 
pool breed i ng mosquitoes fit thi s rol e excel l ently as they can bui l d  up 
popul ations rapidly fol l owing ra i n .  Ae (Och) normanensis and Cx (Cux) 
annul irostris have been demonstrated to be present at the appropriate time 
of year .  The characteristics  of  these mosqui toes and those of other 
species in the area are g i ven in Appendix 4. 
The thesi s that ephemeral fever vi rus overwi ntered in the Fl i nders 
River basin by a continuous and perhaps s i l ent i nfection of catt le ,  is not 
supported by the fiel d and l aboratory fi ndi ngs of  the project. The 
reappearance of d i sease each summer from 1974/75 to 1976/77 in the region . but not associ ated with any general epidemic movement outside the area 
does suggest that an overwi nteri ng mechan i sm does exi st there. The term 
,;overwi ntering" in the Fl i nders Ri ver basi n impl ies a mechanism which 
al l ows BEF v i rus to survive from one wet season to the next, that i s ,  
through the annual dry season , which  concides with the annual cold 
season. The 1 i nk between d i sease and rai nfal l seemed stronger than that 
with temperature , as there are periods of  months when temperatures are 
high in  the spring before s i gni fi cant rain occurred. 
The answer coul d be that the v i rus survi ves i n  an insect species or 
group of species ,  and not a vertebrate. Thi s  project has demonstrated 
that C. brevitarsis is a poor candi date for thi s rol e .  With the strong 
wet season associ ation of  ephemeral fever which occurred in the Fl i nders 
River Basi n ,  ground pool breed i ng mosqui toes are much better candidates. 
In order to prove this poi n t ,  i t  must be shown that BEF vi rus can 
multiply in a parti cular species of  mosqu ito , and be transmi tted cow to 
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cow by that spec 1 es .  This wi l l  requi re a very di fferent approach than was 
attempted with the 1974-77 Fl i nders Ri ver Bas i n  ephemeral fever 
epidemiol ogi cal study. The project demonstrated that a rel atively smal l 
investment of resources produced a wealth of i n formati o n ,  but more than 
that it demonstrated what could be achi eved by s impl e sentinel herd 
stud ies .  
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APPENDIX 1 
GENERAL DESCRIPTIONS OF THE SENTINEL SITES 
Fl inders River Basin - General Stat isti cs : The approximate urban and 
rural popul ations in the s h i res cover i ng the Fl i nders Ri ver bas i n  where 
the senti nel s ites were located were : -
Shire Urban Rural Total 
Richmond 850 650 1 , 500 
McKi n lay 700 700 1 , 400 
Carpentaria 1 , 550 2 , 000 3 , 550 
Fl i nders 2 ,000 1 ,500 3 , 500 
Total 5 , 100 4 ,850 9 ,gsa 
Shire Cattle Sheep 
Richmond 173, 545 292 , 082 
McKi n lay 260,383 408,572 
Carpentaria 328. 381 0 
Fl i nders 215 , 163 425 , 467 
Total 977 ,472 1 , 126 , 121 
Hughenden Station :  Approximate s i ze 17 ,000 hectares. The property 
adjoins the Fl i nders Ri ver 2 km south-east of Hughenden townshi p .  which  i s  
the nearest offi c ial rai n fal l recording centre. The homestead had a 
septic system. The bas i c  pasture type i s  typical of the Downs country 
with fl i nders and mitchell grass bei ng the predomi nant pasture species 
present. In addition , button grass (Dactyloctenium radul ans ) and some 
buffel grass (Conchrus cil iari s )  is prevalent on ri ver fl ats after the wet 
season. The low ridges are covered mainly i n  gi dyea scrub (Acacia  
cambagei ) .  The Fl i nders Ri ver suppl ies some of the wateri ng points for 
stock , with wel l s ,  artesian bores and dams bei ng greatly uti l i zed. 
Approximately 50 hectares of l ucerne was being i rr i gated in the project 
years. 
The 1 i vestock are under a h igh  standard of supervision.  It would be 
extremely unl i kely that any major di sease outbreak woul d escape notice. 









Domest ic  - n i l  ; 
Dogs 4 
Fowl s 20 
Humans 10 
Feral - variable with season 
Cattl e Mati ng - uncontrol l ed ;  cal v ing  January-March vari abl e peaks. 
Sheep Mating - uncontrol l ed ;  l ambi ng January-March variable peaks. 
In previous years , th i s  property , l i ke so many others in the local 
shire ( Fl i nders Shire) ran sheep as the major l i vestock component . 
However , duri ng the period of the project Droughtmaster catt le  were run , 
and only sma l l  numbers of sheep. Si nce that time the sheep numbers have 
been i ncreased to 6000. 
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The i nsect trap s ite was located on the bank of  the Fl i nders Ri ver 
approximately 1 km from the homestead near a poi nt i n  the ri ver where 
there was water year round. 
P.T. Delahunty 
Dunl uce Station : Approximate s i ze 50,000 hectares.  The property adjoins 
the Fl i nders River on its northern boundary and Wal kers Creek on the 
western boundary. Rai nfal l is recorded on the station i tsel f ,  which i s  
l ocated 25  km  west of  Hughenden townshi p .  Ounl uce i s  not an official 
rai n fa l l  recordi ng centre. The nearest official  centre is at Hughenden. 
The homestead had a sept i c  system. Most of  the property is open, 
treel ess , Downs country with some g idyea and rubber v i ne (Cryptostegfa 
grandiflora) scrub toward the Fl i nders Ri ver .  
The pasture i s  basi cal l y  fl i nders and  mitchel l grasses w ith  some 
button and buffel grasses on the r i ver f lats.  The Fl i nders Ri ver,  artes­
ian bores and bore dra ins  supply the bul k of  the water used on Ounl uce. 
The l i vestock are under a high degree of  supervi si on as the cattle 
and sheep are part of successful studs .  Approximate l i vestock numbers : .  
Catt le  2000 Dogs 10 
Sheep 22000 Fowl s 20 
Horses 40 Humans 6 ( sometimes 
Pigs - Domestic  - n i l ; Feral - l a rge numbers 
Breed i ng Program: 
Cattle Mating - Apr i l -July cal v i ng - January-March 
Sheep Mati ng - September-October l ambing  - February 
more ) 
Cattle and sheep have been grazed on Dun l uce Station for many years. 
P. T. Del ahunty 
Hazelwood Stat ion : The appox imate s ize of the stat ion  i s  30000 hec­
ta�es.  The property is traversed by both Ceci l  Creek and Hazel wood Creek , 
wh1 ch streams eventual ly  run i nto the Fl i nders Ri ver north-west of the 
Richmond townshi p .  The station i s  l ocated 35 km north of the Richmond 
post offi ce , the nearest offi c ia l  rain recording centre. The homestead 
had a septic system. 
The property is located in open sc l erophyl l forest country with mitche l l  and fl i nders grasses prov id ing the bul k of the feed. The stock are watered mai nly  from artesian bores. 
















with season .  
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Breedi ng Program: 
Cattl e  Mati ng - uncontrol l ed ;  cal v i ng January-March with vari able  
peaks. 
Sheep Mat i n g  - uncontrol l ed ;  l ambi ng January-March with variab l e  
peaks. 
The l i vestock , both sheep and cattl e ,  are under good superv1 s 1on for 
the type of country. In the past , as in the present, sheep compri sed the 
majority of the 1 i vestock he 1 d on the property . 
P. T. Del ahunty 
Jul ia  Creek Township :  Thi s  i s  a town of approximately 700 peopl e on the 
main northern rai l way l i ne .  It i s  the centre of �opul ation of McKi n l ay 
shire whi c h  has 1400 people i n  an area of 40, 278 km • It i s  s i t uated on a 
flat pl a i n  about 40 km from the Fl i nders River. The town has a 
reticul ated water supply and i s  ful l y  sewered. Rai nwater tanks are found 
in only a sma l l  number of houses. There are some domestic poul try kept by 
residents as wel l as dog s , cats and some horses and goats. There are very 
few trees in the town . The sentinel chickens were kept i n  the yard of a 
house, wel l w i t h i n  the town about 20 metres from two 5000 1 i tre ra i nwater 
tanks and 0 .5  km from the sewage treatment pond. 
A.A. Grimshaw 
Toorak Research Station : Area 14, 500 hectares. The research station i s  
si tuated 45 km to the south o f  Jul i a  Creek town s h i p .  The homestead wh i c h  
has a septi c system i s  1 ocated 50 k m  north o f  t h e  Di amant i na Ri ver , a n d  80 
km south of the F1 i nders R i v e r .  Sadowa a n d  Eastern Creeks traverse the 
property and flow to the Fl i nders Ri ver by way of the Gi l l  i at and 
Cloncurry Ri vers. Toorak is watered by dra i n s  from artesian bores as 
there are no permanent water holes in  the creeks. A shal l ow water storage 
of two hectares is located 6 km from the homestead. Toorak is 100% bl ack 
clay ,  treel ess pl a i n s ,  with mi tche l l  and fl i nders gra s s .  Shade is l im i ted 
to the bore drai n s  and creek channel s .  Pri ck l y  bush (Acacia jarnesiana) 
grows along the bore dra i n s ,  and cool i bahs ( Eucalyptus microtheae) in the 
creek channel s .  Toorak has been an offi c i al ra i nfal l  recordi ng s i te s i nce 
1954. 
Li vestock supervi s ion i s  very cl ose , and any outbreak of  di sease 
would be di scovered q u i c k l y .  
Approximate 
Cattl e  
Sheep 
Horses 
P i g s  -
Breedi ng Program: 
1 i vestock numbers : 
180 Oogs 10 
5000 Fowl s 30 
20 Humans 12 
Domest i c  - 30 ; Feral - numerous 
Sheep mated from 1 October and 1 amb from 1 March. 
Cal v i n g  may occur at any time o f  the yea r .  
The i nsect trappi ng s i te was i n  vegetation at t h e  head of a bore 
drain about 150 m from the homestead . The property was acqui red by the 
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Queensl and Department of Primary Industries for use as a research station 
i n  19Sl. It was then stocked with sheep and carried a smal l number of 
cattle for use as  ki l l ers and for m i l k ing .  Africander cattle  were 
i ntroduced for research purposes i n  1968 and a herd of about 180 have been 
held si nce then. 
Bow Park Station : Si ze 34,000 hectares . The property is s i tuated 64 km 
north of Jul i a  Creek townsh ip .  Bow Park homestead i s  located on a sand 
ridge 26 km north of the Fl i nders Ri ver and 0.75  km south of  the Saxby 
River , whi ch traverses the northern portion of the property. There i s  no 
permanent water on this stretch of the Saxby River,  except for two very 
smal l waterho les fed by a bore dra i n .  The general l i vestock watering 
system i s  an extensive system of bore drai ns .  The station is immedi ately 
adjacent to Zonia  Oowns , the nearest offi c ia l  ra infal l recordi ng s ite. A 
bore drain fed swamp of 3 hectares of para grass is l ocated 0. 25 km from 
the homestead . The homestead has a sept ic  system , and i s  c lose to the 
site where insects were trapped. 
The property cons i sts of 1/3 sandy forest ,  which extends north from 
the homestead across the Saxby Ri ver , and 2/3 bl ack c l ay ,  treeless pl a ins ,  
wi th mitchel l and f l  i nders grass and  odd smal l patches of  gidyea bush on 
the channe 1 s of the Saxby Ri ver. 
Superv i s i on of 1 i vestock is good. A major outbreak of  di sease woul d 
not go undetected for a 1 engthy period.  
Approximate l i vestock numbers : -
Catt 1 e 
Sheep 
Horses 













Breeding Program: Cattle - bul l s  wi th cows March-June 
Cal ving  peak January-February 
The property carri ed cattle  and sheep until 196S, when a l l  sheep were 
removed , 1n that yea r ,  and it has been conducted as a pure cattle 
enterpr i se si nce then. The i nsect trapping site was l ocated about 200 
metres from the homestead between the cattl e yards and the para grass 
swamp. 
A.A. Grimshaw 
Canobie Station : 330000 hectares in area l ocated 150 km to the north-east 
of Jul i a Creek townshi p. It has been an offi c i al ra i n fal l recordi ng site 
si nce 1890. The homestead had a septi c  system. 
The Cl oncurry Ri ver runs through the north-eastern hal f of  the 
property for a di stance of  approximately 60 km. The Fl i nders Ri ver runs 
to the_ north-east of  and roughly paral l el to the Cl oncurry , and forms approx1mately 55 km of the north eastern boundary of the stat ion .  The 
homestead 1 1  es 1 .  5 km to the west of the Cl oncurry Ri ver and 16 km to the 
west of the Fl 1 nders Ri ver . The i nsect trapping s ite was at a waterho 1 e 
cl ose to the homestead. The eastern l/3 of the property i s  watered from 
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permanent waterho l es on the Cl oncurry River.  The west and south-east 
portions are watered by 1 5  artesi an bores. The grazi ng area consi sts of 
25% ri ver channel s which  run through bl ack c l ay mi tchel l and fl i nders 
grass pl a i n s ;  25% black c l ay mitchel l and fl i nders grass pl ains 
interspersed wi th pebbly g idyea ri dges ; and 50% stony spini fex (Triodia 
burkensis and Triodia molesta) and Si l verl eaf box ( Eucalyptus pruinosa) 
forest. 
Approximate numbers of 1 i vestoc k : -
Catt le  25000 Dogs 20 
Sheep Ni l Fowl s 50 
Horses 500 Humans 20 
Pigs  - Domestic - ni l ;  Feral - numerous 
Breedi ng Program: 
Catt le  mating is uncontrol l ed .  The cal ving peak is November-December 
For an extens i vely grazed property, 1 i vestock supervi sian is very 
good. Two general musters are carried out each year. No stock are run on 
the ri ver channel s during the wet season. Towards the fi rst muster, early 
April to l ate July ,  al l cattl e are handled through the yards and turned 
into the area al ong the ri vers. At the end of the dry season ,  from early 
August to mi d-November ,  catt le  are returned through the yards to the fl ood 
free areas .  The regul ar serv ic i ng of 15 bores and 28 windmi l l s  means that 
the l i vestock are observed frequently. Canobie Station has been a cattl e 
property si nce i ts i nception 100 years ago . The i nsect trap was usua l ly  
located near t he  cattl e yards 300m from the homestead. However , because 
of access di ffi cul ties in the wet season it  was sometimes pl aced in the 
yard used for the mi l ki ng  cattl e adjacent to the homestead. 
A.A. Grimshaw 
Wondoola Station :  The approximate s i ze o f  thi s station i s  259 , 000 
hectares and is si tuated 100 km south of Normanton between the Saxby and 
Fl i nders Rivers, which  form part of the boundaries.  The country is mai nl y  
completely fl at and i s  a fl i nders , and bul l mi tchel l grass covered flood 
plai n ,  i nterspersed with a few sandy ri dges with cool i bah trees 
(Eucalyptus coolabah) .  The rai nfal l recordi ng station is at the 
homestead. 
The approximate 1 i vestock numbers are : -
Catt le  20,000 Dogs 3 
Sheep ni 1 Fowl s 40 
Horses 150 Humans 15 
Pi gs - Domestic - ni l ;  Feral - 500+ 
Because of the beef recession and consequent shortage of staff during 
the project , the degree of  supervi s i on was minimal . For the greater part 
of the time cattl e harvesting  was the practice. Despite thi s fact it  i s  
very doubtful that a major di sease outbreak waul d g o  unnoti ced , except 
during the wet season when it  is impossibl e to move around the station. 
In the 1974 fl oods 100% of  the property was i nundated. 
N. Kajewski 
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ftii'TIIilnton Townshlp :  The town of  Normanton ,  popul ation 925,  is s i tuated i n  
the dry tropics  2 5  km west o f  the Gul f of  Carpentari a ,  o n  an  i ronstone 
ridge beside the Norman Ri ver. The Norman Ri ver is ti dal at thi s point 
and for 17 km upri ver from the town. 
The h ighest po i nt of  Normanton , the ai rport , is on ly  1 5  metres above 
sea l evel . During the wet season the combination of fl ood waters , 11 k i ng11 
and "doub le "  t ides causes the town to be surrounded by fl ood waters 
frequently. During the 1974 floods only a smal l area was not fl ooded. 




RAINFAll (nn) FOR THE SENTINEL CATILE AND BIRD SITES 
1973 TO 1977 LISTED BY SITES 
Hughenden Post Office - Rai n fal l Station No. 030024 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
73/74 0 0 67 12 1 56 210 307 130 39 3 25 0 
74/75 0 1 2 8 51 73 216 66 120 3 0 1 
75/76 0 1 2 138 7 221 128 108 1 19 6 0 0 
76/77 1 8 0 5 3 121 121 67 63 5 54 0 
73/77* 0. 25 2 . 5  1 7 . 7  40.8  54.2 156 .2  193 92.7 85.2 4 .2  8 .3  0 .3  
Averaget 12 7 10 22 35 73 116 98 62 24 16 29 
Richmond Post Office {35 km south of Hazel wood ) - Rai n fal l Station No . 
030045 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
73/74 0 0 50 0 204 56 664 101 1 15 1 24 0 
74/75 0 6 9 2 6 127 243 215 93 37 0 14 
75/76 0 1 2 132 5 183 115  200 18 1 1  0 0 
76/77 0 2 0 4 26 232 92 95 55 24 7 0 
73/77* 0 2 . 25 15 .2  34. 5 60.2 149 . 5  278. 5  152. 7 75.3 16 .3  8 4 .6  
Averaget 9 3 7 16 30 71  118  106 66 21 16 15 
Toorak Research Station - Rai n fal l Station No.  029090 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
73/74 0 1 41 5 115  0 761 93 38 0 43 0 
74/75 0 2 13 3 12 83 36 154 28 19 0 0 
75/76 0 5 12 43 0 59 67 190 24 18 0 0 
76/77 0 0 0 7 9 162 182 160 92 6 25 0 
73/77* 0 2 1 6 . 5  14. 5 34 76 261 . 5  149 . 2  30  12 .3  14 .3  0 
Avera get 6 4 5 9 18 64 110 111 79 18 22 5 
Jul ia  Creek P .O. - Rai n fal l Station No. 029025 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
73/74 0 0 60 0 84 165 739 89 64 3 30 0 
74{75 0 3 12 8 43 93 125 191 23 2 0 0 
75/76 0 0 59 65 2 1 1 7  1 1 4  161 38 7 0 I 
76!77 1 0 I 14 75. 159 380 187 48 5 8 0 
73/77* 0. 3 I 24 29 40 123 339.5 147 4 ! .6  4 10 0 
Averaget 7 2 6 15 28 70 121 110 61 19 16 11 
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Appendix 2 Cant 'd  
Zen i a  Downs (Bow Park)  - Rai nfal l Station No . 029051 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
73/74 4 0 44 16 153 116 749 254 195 0 35 0 
74/75 0 8 6 8 18 76 204 84 99 0 0 0 
75/76 0 0 2 90 3 139 77 204 7 16 0 0 
76/77 0 0 0 3 59 159 197 131  100 18 9 0 
73/77* 1 2 13 29. 2 58. 2 122. 5 343 . 3  180.6 103. 3 5 . 3  10 .6  0 
Averaget 4 2 4 15 28 79 124 127 89 24 12 13 
Canobie  Station - Rai nfal l  Stati on No. 029007 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
73/74 0 0 35 13 92 122 776 300 163 0 21 0 
74/75 0 5 6 4 16 168 110 143 24 5 0 0 
75/76 0 0 0 143 0 227 214 477 0 13  0 0 
76/77 0 0 0 0 45 255 109 198 50 55 0 0 
73/77* 0 1. 25 10.2 40 38.2 193 302 . 2  279 .2  59.2 6 7 0 
Averaget 5 2 3 13 34 86 148 133 71 15 13 10 
Wondool a  Station - Ra i n fa l l  Stati on No .029550 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
73/74 0 0 50 0 NA* NA 725 NA 16 0 0 0 
74/75 0 22 0 0 57 226 121 231 120 0 0 0 
75/76 0 0 0 68 34 147 235 266 69 7 0 0 
76/77 0 0 0 0 69 174 149 294 158 28 0 0 
73/77* 0 5 . 5  12 . 5  1 7  53 .3  182 . 3  307 . 5  263 .6  93 .2  1 .7  0 0 
Averaget 4 2 3 14 48 114 187 166 92 9 9 9 
Normanton Post Office - Rai n fa l l  Stati on No. 029041 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
73/74 0 0 63 0 232 231 965 289 359 0 2 0 74/75 0 14 14 0 4 204 215 252 54 17 0 0 75/76 0 0 12 71 18 236 494 482 72  0 2 0 
76/77 0 0 0 0 8 192 168 385 245 102 1 9 73/77* 0 3 . 5  22.2 1 7 . 7  65 .5  2 1 5 . 8  460 .5  341 161 . 6  5 . 6  1 . 3  0 Averaget 3 2 3 10 43 145 266 257 157 31 8 9 
* = Mean 
t = Long term average monthly rai n fal l .  
NA = The record was not avai l ab l e  as  the homestead area was under a prolonged fl ood . 
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APPENDIX 3 
RAINFALL (nn) AT THE SENTINEL ANIMAL AND BIRD SITES 
DR THE NEAREST RAINFALL RECORDING CENTRE, LISTED BY PROJECT YEARS 
1974-1975 
Site Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Total 
Hughen den 0 1 2 8 51 73 216 66 120 3 0 1 541 
Richmond P.O. 0 6 9 2 6 127 243 215 93 37 0 14 752 
Toorak 0 2 13 3 12 83 36 154 28 19 0 0 350 
Jul ia  Ck P.O.  0 3 1 2  8 48 93 125 191 23 2 0 0 500 
Zoni a Downs 0 8 6 8 18 76 204 84 99 0 0 0 503 
Canobi e 0 5 6 4 16 168 110 143 24 5 0 0 481 
Wondoola 0 22 0 0 57  226 121 231 120 0 0 0 777 
Normanton P.O. 0 14 14 0 4 204 215 252 54 17 0 0 774 
1975-1976 
Site Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Tot a 1 
Hughenden 0 1 2 138 7 221 128 108 119 6 0 0 730 
Richmond P. 0. 0 1 2 132 5 183 115 200 18 11 0 0 667 
Toorak 0 5 1 2  43 0 59 67 190 24 18 0 0 418 
Jul ia  Ck P.O. 0 0 59 65 2 112 114 161 38 7 0 1 564 
Zoni a Downs 0 0 2 90 3 139 77 204 7 16 0 0 538 
Canobi e 0 0 0 143 0 227 214 477 0 13 0 0 1074 
Wondoo 1 a 0 0 0 68 34 147 235 266 69 7 0 0 826 
Normanton P.O. 0 0 12 71  18 236 494 482 72 0 2 0 1387 
1976-1977 
Site Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Total 
Hughenden 1 8 0 5 3 121 121 67 63 5 54 0 448 
Richmond P.O. 0 2 0 4 26 232 92 95 55 24 7 0 537 
Toorak 0 0 0 7 9 162 182 160 92 6 25 0 643 
Jul i a  Ck P.O. 1 0 1 14 75 159 380 187 48 5 8 0 878 
Zoni a Downs 0 0 0 3 59 159 197 131 100 18 9 0 676 
Canobie 0 0 0 0 45 255 109 198 50 55 0 0 712  
Wondool a 0 0 0 0 69 174 149 294 157 28 0 0 872 
Normanton P. 0. 0 0 0 0 8 192 168 385 245 102 1 9 1110  
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APPENDIX  4 
NOTES ON BIOLOGY OF INSECTS COLLECTED AT SENTINEL SITES 
MOSQUITOES 
Anophel es (Cel l ia )  amictus amictus Edwards. A ground pool breeding 
mosquito w1 th a w1de d1 stri but10n in northern Austral i a ,  reaching  as far 
south as Casino on the east coast . Often reaches hi ghest dens i ty in the 
l ate dry season.  Known to feed on man , 1 i vestock and marsup i al s .  Can be 
i nfected with mal aria i n  the l aboratory but is not regarded as a dangerous 
vector of mal aria.  A number of vi ruses have been i so l ated from this  
i nsect. Ross Ri ver v i rus is the only one of s i gn i f i cance to man or 
1 i vestock • 
. Anopheles (Cel l i  a) annul i pes Wa 1 ker. A ground pool breeding  species with 
an Austral i a  wide d i stribution.  It reaches h ighest density l ate wet 
season/early dry season. It is known to feed on man , cattl e ,  horses and 
marsupi al s .  I t  has been shown i n  the l aboratory t o  b e  capabl e of trans­
mitting mal aria but is not regarded as a dangerous vector. Mapputta vi rus 
has been i so 1 a ted from thi s species  but is not of s i gni f i cance to man or 
1 i vestock. 
Anopheles (Cel l i a )  meraukensis Venhui s .  A ground pool breeding  species 
with a mai nly northern d i stri buti on . Known to feed on man and cattl e .  It 
can be i nfected with mal aria 1 n the 1 aboratory but is not regarded as a 
dangerous mal aria vector. Maputta and Warrego vi ruses have been i sola ted 
from this  insect but i s  of no s igni f i cance to man or l i vestock . 
Aedomyia catasticta Knab. Breeds in l arge permanent bodies  of water where 
it is associated wi th thick vegetation .  It has  a w ide  di stri bution i n  
Austra 1 i a and has been recorded as f a r  south as Vi ctor i a .  It  i s  commonest 
in the early dry season when ground waters have stab i l i sed. It feeds 
mai nly on b i rds .  Corri parta vi rus has been i sol ated from th is  i n sect but 
does not appear to be important to man or 1 i vestock .  
Aedes (Macl eaya ) tremul us (Theobal d ) .  Breeds i n  rot holes i n  trees and in 
1 arge col l ections of  water i n  pi ped trees. It has a 1 so been recovered 
from man made containers and i s  widely d i stri buted in Austral i a .  Feeds 
readi ly  on man and catt l e .  I s  n o t  known t o  b e  associ ated w i t h  any 
d i sease. 
Aedes (Mucidus) al ternans (Westwood ) .  Breeds i n  ground pool s ,  where its 
1 arvae perform the useful function of  eating other mosquito 1 arvae. 
Widely d i stributed in Austral i a ,  appears to reach hi ghest dens i ty when 
breeding i n  asociation with Aedes vigi l ax i n  sal t marshes . Feeds readi ly 
on cattle and man and i s  not known to transmit any di sease . 
Aedes {Neomel aniconion) l ineatoj)l!nnis ( Ludl ow) .  Breeds i n  fl ooded grass­l ands r�ach1ng pl ague proport10ns seven to ten days after f looding. W1dely d1 stn buted in northern and eastern Austral i a  and feeds readily on man and l l Vestock.  No known asoci at i on with di sease in Austra 1 i a a 1 though a v1 rus has been i sol ated from thi s speci es .  
Aedes {Ochl erotatus) normanensis (Tayl o r ) .  A ground pool breeding  species wh1 ch occu_rs i n  hi gh numbers seven to ten days after fl oodi ng . Eggs res 1 st des1 ccat i on and can survi ve for 1 ong peri ads in dry pool s hatching 
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when the pool is  fl ooded. Wi dely di stri buted i n  northern Austral ia  and 
attacks man and 1 i vestock ,  marsupia 1 s and bi rds . Si ndbi s, Ross River, 
Kokobera , Edge Hi l l , Facey ' s  Paddock , Mapputta ,  Murweh ,  and Li ttl e Sussex 
vi ruses have been i sol ated from th is  species. 
Aedes (Ochlerotatus) vigi l ax ( Skuse ) .  Sal t  marsh breed ing species which  
i s  known to  travel l ong di stances from breeding s ites. Eggs res i st 
desi ccation and hatch when the area i s  fl ooded ei ther by hi gh t i des or 
rai n .  Has a coastal di stribution i n  northern and eastern Austral i a .  
Feeds readi ly  o n  man ,  l i vestock , marsupi al s and b irds.  It i s  a confi rmed 
vector of Ross River vi rus whi 1 e a number of other vi ruses have been 
iso lated from it .  
Aedes (Ochlerotatus) vittiger ( Skuse ) .  Breeds i n  deep ground pool s .  
Widely di stri buted i n  northern and eastern Austral i a  a s  far south as 
northern Victori a .  Bites v ic i ously both day and ni ght often appeari ng i n  
pl ague proportions after fl ood ing .  It feeds readi ly  on  man ,  l i vestock and 
marsupi a l s  and has no known association with di sease. 
Culex (Culex) annuli rostri s ( Skuse ) .  Breeds i n  ground poo 1 s reaching high 
density i n  fl ooded grassl and . Widely di stri buted in northern and eastern 
Austra 1 i a. Present at h ighest dens ity 1 ate wet season/early dry season. 
It feeds readi ly  on man ,  l i vestock ,  masupia l s and bi rds .  Is a vector of 
Murray Val l ey encephal i t i s  vi rus and Ross Ri ver vi rus. 
Culex (Culex) austral icus Dobrotworsky and Drummond . Ground pool breeding  
species wh i ch expl oits  permanent waters. Widely di stri buted in southern 
and eastern Austral i a .  I t  feeds readi ly  o n  bi rds and cattle and i s  not 
known to transmit di sease. 
Culex (Culex) fatigans Weidemann . Ground pool breedi ng species which 
prefers pol l uted waters .  ( Unscreened sewage di sposal tanks and bl ocked 
drains often produce l arge numbers of this i nsect. )  Such tanks were 
present at each sentinel s ite .  Is a truly domestic mosquito which  has 
been transported around the worl d by human agency. Feeds on mammal s  and 
birds and is known to transmit bi rd mal aria and fil ari asi s .  S i  ndbi s and 
Kunji n  vi ruses have been i so l ated from this  i nsect. 
Culex (Culex) squamosus (Tayl o r ) .  Breeds i n  permanent bodies of  water 
often associ ated with green al gae . Has a northerly di stribution i n  
Austral i a .  I t  appears t o  feed mai nly  o n  b irds .  Si ndbis  vi rus has been 
isol ated from the i n sect . 
Culex (Culex) starckeae Stone and Kn i ght. A ground pool breed ing species 
found in associ ation with fi l amentous al gae. Has a northerly and easterly 
distribution in Austral i a .  It is known to feed on man , l i vestock and 
bi rds but is not known to transmit di sease. 
CERATOPOGONIDAE (BITING MIDGES) 
Culicoides austropal pal i s  Lee and Reye. Breeds in moi st edges of ground 
pool s .  Widely di stri buted in Austral i a .  I t  appears t o  feed mai n ly  on 
birds and is not known to transmit di sease. 
Cul icoides brevitarsis Ki effer.  Breeds in cow dung . Wi del y di stri buted 
in northern and eastern Austral i a  where it is regul arly found as far south 
as Sydney. Often present at h igh  density i n  coastal areas where stocking 
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rates are hi gh .  Known to feed readi l y  on cattl e ,  horses , sheep and 
goats. Feeding act iv ity peaks at dawn and dusk . It is known to cause the 
al lergi c skin condit ion  "Queensl and Itch"" in horses and to transnn t 
Aka bane vi rus whi ch causes arthrogryposi s in ca 1 ves . It i s  known to be 
capabl e of i nfection with at l east thi rteen vi ruses i ncl uding the three 
Austral ian serotypes of bl uetongue. 
Cul koides bunrooensis Lee and Reye. A rel at i vel y uncommon spec i es known 
from northern Austral i a .  Known to feed on cattl e ,  sheep and marsupi al s 
but is not known to transmit any d i sease. 
Cul icoides dycei Lee and Reye . Breeds i n  marg ins  of  ri vers and creeks. 
Has an Austral ia  wide d i stributi o n .  Known to attack man , cattle  and sheep 
but is not known to transmit any d i sease. 
Cul icoides marksi Lee and Reye. Breeds in marg ins  of  r i vers , creeks ,  dams 
and bore drai n s .  Has an Austral i a  wide di stribution with a peak of 
activ ity during the dry season. Known to feed on man , 1 i vestock and 
marsupi al s .  A number of vi ruses have been i so l ated from C. marksi , none 
appear to be of s igni f icance to domestic animal s as t hey i n fect marsup­
i a l s .  
Cul icoides nattaiensis Lee a n d  Reye. Known from the southern tablel ands 
of New South Wales to northern Austral i a .  A rel ati vely rare i n sect known 
to feed on cattl e and sheep. Not known to transmit any d i sease. 
LAS IOHELEA SP. 
Thi s group was not i denti fied to species in the col l ections.  The 
breeding biol ogy of this  i nsect i s  not yet known . Mai nly  ac ive during the 
day. Attacks man , l i vestock and marsupi al s .  It has not been i ncrimi nated 
as a vector of d i sease in 1 i vestock but is currently bei ng studied . 
SIHULI IOAE (BLACK FLIES) 
Simul i um ornati pes Skuse. Breeds in runn i ng wate r .  Has been recorded 
from al l Austral ian States except Tasmani a .  Li ttl e i s  known of the 
feedi ng habits of this i nsect . It is not known to t ransmit  d i sease. 
Austrosimul i um pesti l ens Mackerras and Mackerras ( Dawson Ri ver Sandfly ) . 
Breeds in western Queensl and ri vers after fl ood i ng when for a short time 
insect occurs in pl ague proportions .  Not known to transmit any d i sease. 
PHLEBOTOHINAE (TRUE SAND FLIES) 
Sargentiomyia sp .  
Littl e i s  known of 
to be associ ated 
Austral i a .  
Widely di stri buted i n  the dry country i n  Austral i a .  
t he  b i  o 1 ogy of  t he  group i n  Austra 1 i a where they appear 
with repti l es .  Not known t o  transmi t d i sease in  
TABANIDAE (MARCH FLIES; HORSE FLIES) 
Taba�us towns v i l l i  Ricardo ; Tabanus particaecus Hardy and Tabanus pall i _ 
penn1 s Macquart , have been recorded as breeding in the wet mud at the edge 
of streams and pool s .  They have a northerly and easterly di stri but i on i n  
Austral J a .  They are known t o  attack man ,  1 i vestock and marsupi al s but 
have not been shown to transmit any di sease. 
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INTRODUCTION 
Ephemeral Fever i s  the only arthropod-borne virus disease 
of stock of economic importance in Australia.  It may cause 
milk production in dairy herds to drop as much as 35 % but 
mortality is low being usually less than 1 % ,  however, the lar­
ger and more valuable stud dairy animals are often in this 
group. The losses caused to the beef industry are not clear a s  
i n  much of northern Australia cattle are inspected infrequent­
ly during the year. There are reports of losses due to animals 
becoming recumbent with resultant death from thirst where 
no water is available and shade temperatures exceed 40• C, 
again losses being severe when stud a nimals are affected, par­
ticularly the heavier bulls.  
(* ) CSIRO, Division of  Animal Health, Long Pocket Laboratories, 
Private Bag N• 3 ,  lndooroopilly, Queensland 4068.  
(* * )  CSIRO, Division of Animal Health, McMaster Laboratory, Private 
Bag N•  1, P.O. Glebe, New South Wales 2'037.  
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HISTORY AND SPREAD 
It is  not clear when Ephemeral Fever first entered Australia, 
but the first maj or epizootic  began in 1 936.  Since then there 
have been maj or epizootics in 1 955-56 and 1 967-68 with a 
recrudescence in 1 9 7 0-7 1 .  The 1 96 7-68 epizootic was the most 
extensive, and study of its spread established a relationship to 
wind direction and intensity (MURRAY 1 9 7 0, MORGAN and 
MuRRAY 1 9 70) . This has enabled the spread of other epizootics 
to be better understood. 
The epizootic of 1 967-6·8 like its predecessors commenced in 
the north-west of Australia . It spread steadily eastwards from 
September to December and by mid January spanned the north 
of Australia. The disease then spread dramatically and rapidly 
south in Queensland, a « tongue » moving 800 km south in 
two weeks, and within six weeks Ephemeral Fever had spread 
2000 km South throughout the inland of eastern Australia 
(fig. 1 )  entering disease-free regions on fronts of 5 0 0-800 km. 
Detailed analysis confirmed that the disease had followed the 
prevailing winds, associated with regularly recurring weather 
systems, and there is good circumstancial evidence that the 
vectors were dispersed over long distances. Recent investiga­
tions (RoFFEY, 1 9 72 ) have disclosed that extensive movements 
of insects associated with the weather patterns of inland Aus­
tralia occur frequently, and are believed to be of survival value 
in an arid continent with an unreliable rainfall . 
Rapid spread of the disease only occurs inland and during 
the summer when all factors are favourable, otherwise the 
spread is low and several months may be required for it to 
move from the north to the south of eastern Australia. There 
appear to be two points in the spread in eastern Australia from 
where rapid long distance dispersal by wind i s  possible, and 
the 1 96 7-68 epizootic was classical in that both were revealed 
(fig. 1 ) .  In the 1 956-5 7 outbreak only the first path of long dis­
tance dispersal was seen, and in 1 9 70-71  only the second, whe­
reas none was seen in 1 936-3 7 .  The spread of Ephemeral Fever 
in Australia i s  thus governed greatly by the prevailing weather 
and the pattern can be predicted, as was demonstrated by MuR­
RAY. 
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The spread of Ephemeral Fever in Australia from September 1967  
to March 1968 .  The arrows indicate the two paths of long distance 
di spersal. 
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SEARCH FOR VECTORS 
The rapid spread of the disease in epizootics has resulted 
in the initial concentration of attention on free flying insects 
as vectors, and the possible involvement of sessile arthropods 
such as ticks in maintenance cycles has not been dismissed. 
In assessing potential insect vectors the following factors 
'<Yere considered : 
Abundance. - The probability of an insect which has fed 
on a viraemic animal, surviving the necessary four to eight day 
incubation period and then feeding on a receptive host is low, 
so that rare species are unlikely to be important as vectors. 
Host preference. - Species which readily bite cattle have 
been examined, but not those with a preference for avian blood 
as it appears unlikely that they will be involved in the trans­
mission of Ephemeral Fever. 
Frequency of feeding. - The more frequent an arthropod 
feeds the greate'r is the chance of it being a vector. 
Distribution. - Species with distributions approximating 
or exceeding that of the disease are being examined initially. 
Susceptibility to infection. - Laboratory studies on the abi­
lity of a species to support virus multiplication have provisio­
nally eliminated some species as likely vectors in the field. 
Longevity. - Short lived species have a limited vector 
potential. In surveys of arbovirus vectors the desirability of 
collecting and processing arthropods of suitable physiological 
age cannot be overemphasised. Suitable methods for use with 
Culicoides were described by DYcE et al. (1972). 
It has been freely speculated in Australian literature dating 
back to the first known outbreaks of Ephemeral Fever that 
biting midges are the likely vectors (SEDDON, 1938). Culicoides 
brevitarsis, C. marksi, C. dycei, C. victoriae, C. schultzei, 
C. perigrinus and at least two species of Lasiohelea are known 
pest species of cattle. One or more of these species is probably 
involved in the transmission of E.F.V. 
Culex annulirostris is considered to be the most likely 
potential vector of the mosquitoes. It attacks cattle avidly, and 
has a capacity to survive and reach high densities over the 
entire range of E.F.V. in Australia. Anopheles annulipes, 
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which is widely distributed and has a high propensity for 
attacking cattle, cannot be overlooked. It however falls far 
short of C. annulirostris in its known significance as a vector 
of arboviruses. 
The vector potential of biting flies of groups such as taba­
noids, blackflies and muscoids cannot be ignored even though 
specific ranges of very few individual species coincide with 
the extent of E.F.V. during major epizootics. 
HECENT FIELD AND LABORATORY STUDIES 
The techni·ques used to collect insects for virus isolation 
studies have been described by DYCE et al. (1972). The basic 
methods together with procedures used for virus isolation 
attempts are illustrated in Figure 2. HEUSCHELE (1970) found 
that the virus was not unduly heat labile and was not adver­
sely affected by freezing and thawing. However, in all isola­
tion attempts material is handled at as low a temperature as 
possible and freezing and tha\ving cycles kept to a minimum. 
Virology. 
The morphology of the virus has been shown to be similar 
to that of members of the rhabdovirus group (ITO et al., 1969; 
HoLMES and DOHERTY, 1970); however a recent study indica­
ted that unlike other members of this group, Ephemeral Fever 
virus had double stranded ribonucleic acid (TANAKA et al., 
1972) . MACKERRAS et al. (1941) showed that the disease was 
not transmitted to susceptible animals in close contact with 
fevered and convalescing animals and could only be transmit­
ted with certainty by intravenous inoculation. 
Experimental Infections in Arthropods . 
The virus multiplied when injected intrathoracically into 
mosquitoes (Aedes aegypti and Culex annulirostris) (DOHERTY 
et al., 1969). It has now been shown that Aedes aegypti and 
Aedes vigilax will not support virus multiplication when fed 
a mixture of blood and mouse adapted virus but that Culex 
annulirostris will (STANDFAST, unpublished data). Virus was 
recovered from 17 % of Culex annulirostris eight days after 
an infected feed but could not be demonstrated 2, 4 or 6 days 
after feeding. Similarly virus ·could be recovered from Culicoi-
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Figure N° 2 
ISOLATION OF EPHEMERAL FEVER VIRUS FROM FIELD MATERIAL 
des brevitarsis and Culicoides marksi eight days after feeding 
a mixture of infected mouse brain and sucrose but not at 2, 4 
or 6 days . This work is still in the preliminary stages .  
Recen t  Isolations from Field Material. 
Cattle. - In the summer of 1 9 70-7 1 a study was made of an 
epidemic in a dairy herd at Etna Creek some 6 7 0  km north of 
Brisbane. A study of clinical histories and serology indicated 
that twenty-one of the animals were sampled when they were
considered to have been viraemic ;  however virus was isolated 
from only nine of these animals and of these only four isola­
tions were made in the primary inoculation, the other five 
were revealed on passage. These results indi cated that the suc­
kling mouse was a relatively insensitive isolation system and 
that when used material should be passaged at least once. 
A rthropods. - During the 1 968 epizootic and the 1 9 7 0  out­
break arthropods which attacked affected herds were collected 
and processed for virus isolation. Unfortunately at that time 
the necessity for passaging the material was not realised and 
approximately 3 0,00 0  Culicidae, 5 1 , 00 0  Culicoides, 5 0 0  Lasio­
helea, 2 0 0  A us trosim u lium, 1 1 0  Haematobia, 2 0 0  Phlebotomus 
and 1 000 Tabanidae were processed without isolating Ephe-
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meral Fever virus, however four arboviruses new to Australia 
were i solated (DoHERTY et al. �  1 97 2 ; DoHERTY e t  al . ,  submit­
ted) . 
Sen tinel Herds. 
Ephemeral Fever is diffi cult to diagnose with certainty 
except when an epizootic is in progress.  The status of the 
di sease between epizootics is therefore difficult to ascertain.  
Serological studi es (DoHERTY et  al. ,  1 9 72 ; ST. GEORGE, unpu­
blished) indicated that only cattle and the Asian water buffalo 
(Bubalus bu balis) are hosts of the virus in Australia.  Attempts 
to infect sheep and pigs with the viru s were un successful 
(SNOWDON, 1 970 ) ,  as were attempts to infect horses,  goats ,  dogs,  
rabbits ,  guinea pigs ,  rats  and mice ( SEDDON, 1 966 ) . Deer and 
banteng cattle have not been tested . 
SNOWDON ( 1 9 7 1 )  showed that neutralising antibody persis­
ted for over 400 days while the Etna Creek study showed that 
neutralising antibody reached a peak titre within three months 
of infection , then fell to a level which was often tenfold less 
than the peale A number of sentinel herds has been establi shed 
(St. GEORGE, unpublished) to indicate the time of virus activity, 
geographic di stribution and particularly to demonstrate inter­
epizootic survival of the viru s .  The distribution of these herds 
is shown in fig. 3. The scheme which involves bleeding 20 cal­
ves in each herd each three months as they grow to maturity, 
was inaugurated in 1 969 and results to date show that mater­
nal antibody is wi despread and persists until calves are six 
to seven months old. The study has also shown that the viru s 
was active in 1 9 70 ,  1 9 7 1  and 1 9 72 in northern Au stralia.  
CONCLUSION 
The search for 'a vector of Ephemeral Fever·· viru s lias been 
greatly handicapped by the lo\V sensitivity ·or-th'e s tandard 
laboratory techniques. Currently fluorescent antibody techni­
ques are under investigation. 
In addition to lack of knowledge of the vector system, a 
number of basic questions still remain unanswered. The Aus­
tralian epizootics have all originated in north western Aus-
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FIGURE No 3 
Di stribution of sentinel herds (heavy dots) superimposed on a map 
showing distribution of cattle (small dots) and extent of 1 967-68 epizootic 
of Ephemeral Fever. 
tralia, and whether the disease is epizootic in thi s area or i s  
introduced from elsewhere, perhaps b y  windborne vectors, i s  
n o t  known. 
There are indications that more than one serotype of the 
virus is active in Au stralia. The characteri stics  of these sera­
types need to be determined if we are to understand the epide­
mi ology of the di sease and produce effective vaccines. 
* * *  
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SUMMARY 
Australia experienced maj or epizootics of Ephemeral Fever 
in 1 936, 1 955-56 and 1 967-68 with a further outbreak in 1 9 7 0-
7 1 .  The spread of the 1 96 7-68 epidemic was studied in great 
detail and enabled the movement of the disease through eastern 
Australia to be linked with wind systems .  A number of Culi­
coides and mosquito species are being studied currently as 
potential vectors and s essile insects· wm be studied later. Field 
and laboratory techni·ques are described, important aspects 
are the maintenance of low temperatures while handling 
material, the avoidance of unnecessary freeze and thaw cycles, 
the s election of insects in the appropriate age groups, and the 
insensitivity of the suckling mouse  technique. Two species of 
Culicoides and one mosquito species have been infected experi­
mentally. Sentinel herd studies have shown the persistence of 
maternal antibody and virus activity in northern Australia in 
1 9 7 0-7 1 and 1 972 .  There i s  some evidence that more than one 
serotype of the virus exists indicating a need for detailed com­
parative s tudy of all isolates . 
••• 
REFERENCES 
DOHERTY (R.L.),  CARLEY (J.G.) ,  STANDFAST (H.A.),  DYCE (A.L.) ,  
KAY {B.H.) and SNOWDON (W.A.) . - Isolation of arbovi­
ruses from mosquitoes, biting midges, sandflies and 
vertebrates collected in Queensland, 1 969 and 1970. 
Submitted for publication. 
DOHERTY (R.L. ) ,  CARLEY (J.G. ) ,  STANDFAST {H.A.) ,  DYCE (A.L.) 
and SNOWDON (W.A.) . - Virus strains isolated from 
arthropods during an epizootic of bovine Ephemeral 
Fever in Queensland. A ust. vet. J., 1 972, 48 (3) , 81-86. 
DOHERTY (R.L.) ,  STANDFAST (H.A.) and CLARK (I.A.) . -
Adaptation to mice of the causative virus of Ephemeral 
Fever of cattle from an epizootic in Queensland, 1 968. 






DYCE (A.L . ) ,  STANDFAST (H.A.) and KAY (B.H.) . - Collection 
and preparation of biting midges (Fan Ceratopoganidae) 
and other small Diptera for virus isolation. J. A ust.  en t. 
Soc., 1 9 72, 11 (2) ,  9 1 -96.  
HEUSCHELE (W.P.) . - Bovine Ephemeral F ever. I .  Characteris­
tics of the causative virus.  A rc.  Gesam te Virusforsch., 
1 9 7 0, 30, 1 95-2·02 .  
HOLMES (I .H.)  and DOHERTY (R.L.) . - Morphology and deve­
lopment of bovine Ephemeral F ever viru s.  J. Virol. , 
1 9 7 0, 5 ( 1 ) ,  9 1 -96.  
ITO (Y.) ,  TANAKA (Y.) ,  INABA (Y.)  and OMORI (T.) . - Electron 
microscopic observations of bovine epizootic fever virus.  
Nat. Inst.  Anim.  Health Tokyo Quart., 1 969, 9, 35-44. 
MACKERRAS (I .M.) ,  MACKERRAS (M.J.) and BURNET (F.M.) . -
Exp erimental studies of Ephemeral Fever in Austra­
lian cattle. Bull. Coun. Scien t. ind. Res.  Melb., 1 940, 
no 1 36 .  
MoRGAN (1 . )  a n d  MuRRAY (M.D. ) . - The occurrence of Ephe­
meral Fever of cattle in Victoria in 1 968 .  A ust.  vet.  J., 
1 969, 45 (6) ,  2 7 1 -274 .  
MuRRAY (M.D.) . - T h e  spread of Ephemeral F ever of cattle 
during the 1 967-68 epizootic in Australia.  A ust.  vet.  J., 
1 9 7 0, 46 (3) , 7 7-82 . 
RoFFEY (J.) . - Migration and dispersal in the Australian pla­
gue locust. In t. Congr. En t. 1 4 th, 1 9 72, A bstracts, 1 5 5 .  
SEDDON (H.R.) . - The spread of . Ephemeral Fever (Three­
Day Sickness) in Australia in 1 936-37 .  A ust .  vet. J., 
1 938, 14 (6) , 90-1 ,0 1 .  
SEDDON (H.R.) . - Diseases o f  dome�tic animals i n  Australia. 
Part 4. Protozoan and virus diseases. Serv. Pubis. D ep. 
Hlth . A ust., Vet. Hyg., 1 966, no 8 .  
SNOWDON (W .A .) . - Bovine Ephemeral Fever : The reaction o f  
cattle to different strains of Ephemeral Fever virus and 
the antigenic comparison of two strains of virus. A ust. 
vet. J., 1 9 7'0, 46 (6) , 258-266.  
- 625 -
SNOWDON (W.A.) . - Some aspects of the epizootiology of 
bovine Ephemeral Fever in Australia. A ust. vet.  J., 1 9 7 1 ,  
47 ( 7 ) ,  312-3 1 7 .  
TANAKA (Y.) ,  INABA (Y. ) ,  ITO (Y.) ,  SATO (K. ) ,  OMORI (T.) and 
MATUMOTO (M.) . - Double strandedness of ribonucleic 
acid of bovine Ephemeral Fever virus .  Japan J. Micro­
bioi., 1 9 72, 16 (2) ,  95-1 01 . 
 
 
Bulletin i'lo 146 
JOlNT CONFERENCE 
ON HEALTH & PRODUCTION 
OF LOCAL & AUSTRALIAN CATTLE 
IN SOUTHEAST ASIA 
Proceedings of the Joint Conference of the 
Association of Veterinary Surgeons Malaysia 
and the Austra lian Association of Cattle Veterinarians 
held at the Regent, Kuala lumpur, Malaysia. 
16th - 20th May 1977 
Ministry of Agriculture Malaysia 
3-42 
Introduction 
ASPECTS OF llOYINE EPHEMERAL !,.EYE!< 
INFLUENCING INTERNATIONAL TRADE 
T. D. ST. GEORGE, M.V.SC. 
CS!RO. Long Pocket Laboratories, 
Private Bag No. 3, Jndooroopilly, 4068, A USTRALIA 
Bovine ephemeral fever is not a new disuse, but, only in recent years, has it become 
an important factor in international trade in cattle and buffalo particularly from Aus­
tralia. There \Vere two events which were responsible for the change in the situation. 
The first event was the spectacular epidemic of ephemeral fever in cattle in Australia 
in 1967-1968 after many years of quiescence (Murray, 1970). The second event was 
the announcement of the eradication of contagious bovine pleuropneumonia from 
Australia (Anon, 1972.) The eradication of bovine pleuropneumonia meant that live 
Australian cattle became acceptable to a range of markets from which they were 
previously excluded, but the presence of bovine ephemeral fever in part of Australia 
caused the imposition of new health requirements by some countries. These countries 
wished to import live cattle or buffalo or semen from Australia. 
Some countries of the South-East Asia or Pacific region, who may be represented at 
this conference are free of ephemeral fever, and others are not. It is appropriate to re­
view what is knoWn about bovine ephemeral fever in relation to its effect on interna­
tional trade. 
Geographical distribution 
The countries from which ephemeral fever had been reported \Vere listed by Burgess 
(1971). To his listing should be added Korea (Lee, personal communication) and Pa­
pua-New Guinea, which had a small outbreak in 1959, but has since been free (St. 
George et al., 1977). In general, the disease exists in most of Africa, southern, south­
east and eastern Asia, and part of Australia. It is absent from Europe, northern Asia, 
the Americas, New Zealand and inany islands o.f the Pacific. 
Nature of the disease and method of spre::td 
Bovine ephemeral fever disease is not one of modem times. Old accounts cited by 
Bevan (1912), indicated that the disease was well known in Africa well back into the 
1 9th century. In our general region, a clear account of the clinical course in Sumatra 
was given by Burggraaf (1932). The essential features of the disease were delineated 
forty years ago m a textbuok by Cura�son (I93..JJ. Vari0115 wc..rkers .i. :io1...th Africa. 
Japan and Australia have filled in detail since then, but the general outline has not 
changed greatly. Bovine ephemeral fever is a febrile disease of cattle, which can have 
a very high morbidity, but a very low mortality, with complete recovery being the nor­
mal sequel. The disease in buffalo is not well delineated. Some description was given 
by Mohan ( 1 968). It is an important disease, because of its temporary disabling effect 
on cattle or buffalo used for prOduction of milk or meat, or used for drart purposes. 
It is caused by a virus. bovine ephemeral fever virus (BEF) is�lated by Va1_1 der W:st­
huizen.(l967) and spreads from animal to animal only by the mtravenous moculatlon 
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of blood from an ani mal cl i n i cally i l l  wi th the disease, or by an arthropod vector. 1'\ :c­
tural disease has been re ported only in cattle <end bu fl'alo (Burgess, 1 9 7 1 ) .  There is c i r­
cumstant ia l  evi dence of the spread in  Austral ia by a flying insect vector (Anon, 1 93 7  
Murray, 1 970, St .  George et a!. , 1 977). Direct evidence of the  involvement of  a fly ing  
vector i s  provi d : d  by  the reports of the iso lation in Kenya o f  BEF virus from Cu!i­
coides species (Davies and Walker, 1 974) and two different species of mosquito in  
Austral ia  (Standfast et a!. ,  1 976) .  However, BEF virus must exist in  more species of  
insect, as the known range of the disease is greater than that of  the species on insec� 
from which the BEF virus has been isolated. 
· 
Knowledge of actual or potential vectors of BEF virus is deficient in all the countri es 
presently infected \Vith bovine tphemeral fever. 
Conditions :or spread from infected to uninfected countr!es 
For bovine ephemeral fever to enter and establish in a previously free country, se­
veral conditions must be met. There must be susceptible animals, that is, in prese n t  
knowledge, cattle o r  buffalo. The size of  population needed t o  maintain the infection 
is unknown, but the experience of Papua-New Guinea suggests that the disease can dit: 
out in a small scattered cattle population. Suitable vectors must exist or climatic con­
ditions be adequate for their establishment, if they \vere introduced. Since we do n ot 
know the vectors, we do not know these climatic factors, but we can infer that limits 
are imposed by climate as well as major water barriers . For example in Australia, 
southern areas of Western Austral ia, South Australia and Victoria have always been 
free of disease (St. George et a!. , 1 977). BEF virus must be introduced.  It could enter 
a country in  infected insects, blown from an infected country across water barriers, or 
be carried in aircraft .  We are more concerned here with animals and animal products 
acting as the vehicle of spread. Of these, there are three separate categories to consider 
meat, semen and live animals - all of which could theoretically transfer virus. 
rvleat does not represent a threat for two reasons. It is highly un1ikely that an ar­
bovirus could spread from one cow or buffalo to another by this means. Also these 
animals are not normally carnivores .  BEF virus is rapidly inactivated by a low pH. It 
survives for only 1 0  minutes at pH 2 .5  and 60 minutes at pH 5. 1 (Heuschele 1 970;. 
Since the pH levels in  the muscle of slaughtered animals would reach this pH range 
rapidly duri ng the onset of rigor mortis, meat does not pose a threat of spread, even if  
a n  animal were ki!led while viraernic. 
Semen preserved iii liquid nitrogen is an important trade commodity. Parsonson 
& Snowdon ( 1 974) demonstrated that BEF vims could be detected in  semen of 1 of 
12 bulls experimental ly infected with that virus . Both he and Burgess ( 1 973) could n o t  
dem · , L:  ;trate in�ection of st: .>;>ect;b!e cows ;JY ino< ubtiun of BEF virus into <he c:.:rvic1l 
canal of-cows during oest ru:::, and that pregnr.ncy could proceed normdly when CO\VS 
were inseminated with BEF virus mixed with semen. Dowsett (unpublished data) col­
lected semen from 7 bulls acutely ill with natural bovine ephemeral fever. Contamina� 
tion of this semen with BEF virus was not demonstrated by either the use oftissue cui� 
tures, suckling mice or the intravenous inoculation of susceptible cattle, by Standfast, 
St. Geoige and Sno\\ don (unpublished data). Thus there appears to be a low risk that 
BEF virus is excreted in the semen of infected bulls, and the transmission of infection 
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by mcnns of infected S!.::men is cxtremdy unlikely. Howc,·cr, even a very lcm: risk is  u n ­
accephtblc to importing countries, so that Skp:; to prevent the infection of hulls uc,ed 
for the production of semen for export s:::em \varrantcd. 
Live animals prob:tbly represent the greatest thr::at for international sprc:�d. Th.:: 
duration of viraemia during the clinical phase of natural ephemeral fever app:ars to 
be only 1-2 days (St. Ge:orge nnd Standfas!, 1.!npublished data), thotJgh in cxp�rimental 
cases, it may be 4 days (Mackerras er a/., 1940). The natural incubation period is un� 
known. Thus we cannot say with any cert<!.inty how long a period cbpscs between the 
initiation of natural infection, and the Ja.$t day that eatrlc are vircamic and thus a po� 
tential source of BEF virus. A definitive quarantine period cannot be established from 
present data. Jt should be noted that spread of disease within Australia does not 
appear to be associ:lted with the movement· of live animals. However, with present 
day long range movement of cattle and buffalo by air transpOrt, an animaf colild be 
halfway round the world in the 1-2 days of natural viraemia, so there is a finite risk. 
Restrictions on trade 
Countries free of bovine ephemeral fe1o·er wish to remain so. and health requirements 
related to the certification of cattle and buffalo for export have been introduced by a 
number of countries in the Pacific region. These countries are New Guinea, Fiji. New 
Zealand. Can�da and the United States of America. No restrictions have been imposed 
by any country which already has bovine ephemeral fever. Since an antigenic compa­
rison of BEF strains from Japan, Sou£h Africa and Australia has shown to be very. 
similar (Sn0wdon. 1970). the probability is that countries b<::tween these geographical 
extremes also have similar strains. 
Besides a clinical examination, the health requirements are based on the detection 
of antibody to BEF virus in the serum of candidate animals; the farm of oric.in must 
be Jocated a greater distance from known infcctiorl than a certain specifie-d ra(lius; and 
in the case of bulls in Artificial Insemination Centres, housing in insect-proof accom­
modation may be required. 
Shortcomings of present intcrnation:ll refjuirements 
The present requirements of countries importing live cattle o� buO"alo appear to b: 
based on the ,>remise. that presence of m:utralising antibody equates with current in­
fection, as it does for bruceltosis. The evidence from field reports (Anon. 1937) and 
experimental infections (Mackerras et al., 1940; Snowdon 1970) is that most animals 
are immune after a single attack of clinical di5ease. Thus the animal without antibody 
frPrr r.n ,.n�lell"ic or epid:!.rric area, may not be a safer animal to choo�e than one with 
a high titre of antibody to BEF virus. It is intere:sting that Pavua-New Guir:;:a prefers 
to imoort the animals v.ith antibody if they originate from an infected area. No carrier 
state has yet been demonstrated for ephemeral fever. Buffalo in Australia Ji\'e mostly 
�vi thin the endemic area, but clinical dis�ase in them has not been proven. The anti· 
body titres they develop to BEF virus are low (> 10) and individual anima�s do lose 
antibody, so that a negative test does not guarantee that they have ne\1er been mfecled. 
The valu� of single or multiple tests for abSence of antibody as a certification for 
e:"Cport is valid only if thC animaJs are first removed from an area where reinfection 
lOS 
r, or are placed in insect�proof surroundings. Also, the serological test,;. pf 
me ':vn�1e gro_
up should show that no new infections have occur1ed in the group �t<. a 
whole, m the Interval b-::tween ksts. Another problem is that the tissue cuhurc n.:utr��­
lisation test is not standardised so that a serum with a low titre of antibody can be cdl­
ed "positive" in one laboratory and "negative" in another. 
Some countries or states have a requirement that cattle they import should come 
from a farm which is located a specified distance from a known outbreak of ephemeral 
fever. This requirement may engender a false sense of security. Not aU infection wi!h 
BEF virus is clinical. Also, since ephemeral fever can move from area with dramo.tic 
swiftness (Murray 1970), an arbitrary radius of even 100 miles (160 km) from kno\m 
cases is not a good approach, even though the occurenee of ephemeral fever within 
Australia is monitored reasonably well by the use of sentinel animals to supplement 
reports of outbreaks. Bovine ephemeral fever does I].Ot spread in most of Australi:1 
within the winter months (St. George eta/., 1977), presumably because of the absence 
of a suitable vector in the colder weather. 
A better system could be devised which would use the periods of quiescence and the 
naturally free areas, rather than to rely on an arbitrary radius. The present require­
ments involving an arbitrary radius may give a false sense of security. 
At present, vaccination with live vaccine is not practiced on a commercial scale, so 
the question of whether or not cattle or buffalo have been vaccinated prior to a blood 
sample being collected for certification, does not complicate the interpretation of serum­
neutralisation tests. 
Conclusion 
We mllst face the fact that bovine ephemeral fe,·er is now a factor affecting interna­
tional trade i n  live cattle and buffalo and also the trade in semen from cattle. The efforts 
to limit spread of bovine ephemeral fever from countries which presently have bovine 
ephemeral fever, to those that are free of this disease are the concern of veterinarian� of 
both countries. Much more work has to be done to fully define the disease in the infect;:d 
countries, so that definitive health measures for export can be recommended. An offi­
cial statement of bovine ephemeral fever, which summarizes present knowledge of the 
disease as it exists in Australia, is available from the Australian Bureau of Animal 
Health. It is to be hoped that this statement can be used by importing countries, with· 
out first-hand experience of bovine ephemeral fever, as a basis for framing their import 
requirements, so that the risk of introducing bovine ephemeral fever can be minimized. 
The impOrting country is naturally the one to set conditions, but at present, these con­
ditie>"'l!' are far fro-;n ideal fer th buyer <'- the S !1 f.r. 
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The origins of ephemeral fever are obscure. The first reports of ephemeral 
fever were probably in the mid·nineteenth century when the disease \Vas first 
noticed in South Africa (Sweinfurth, 1867; cited by Freer, 1910). However, 
Bevan·s preliminary report ( 1907) of the disease and its transmission in 
Rhodesia represents the first milestone in the knowledge oft he disease. Since 
that time advances have occurred in bursts rather than as a steady 
progression. The general limits of the distribution of the causative virus, 
bovine ephemeral fever (BEF) virus are reasonably well known. but its vectors 
and carry-over mechanisms are not defined. Study of the disease is most 
advanced in the countries on the fringes of the distribution (Section IV A), 
where its economic importance is greater and it is not overshadowed by other 
major animal plagues. Progress in these countries in the last 15 years has been 
rapid. 
Ephemeral fever is a clinical disease of cattle, Bos taurus, B. indicus and B. 
javanicus arid water buffalo Bubalus bubafis, although BEF virus subclinically 
infects a greater range of ruminant species. The disease has a variety of names 
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including "three day sickness, three day·s sickness, stiffsickness, dengue fever 
of cattle, bovine epizootic fever, lazy man's disease" or their equivalent in 
languages other than English. However. "ephemeral fever·: has the greatest 
usage and is very apt. 
The causative virus ,,.·as registered in the International Catalogue of 
Arboviruses by Doherty ( 1 973) as bovin� ephemeral fever (BEF) virus, and 
although the name for the virus infers that the virus infects only bovines, this is 
misleading. In part, ephemeral fever is the creation of cattle industries that 
have developed in Africa, Australia and Japan. For instance. ruminants c!id 
not exist anywhere in Australia t\\o"O centuries ago and it was only much later 
that they became established in significant numbers in northern Australia. 
II. Characteristics of the Virus 
The physical nature of BEF ,·irus has been reviewed recently by Della-Porta 
and Snowdon (1980). They have covered the topic in a depth which is 
inappropriate here. For that reason only major points of physical structure 
and biochemistry will be covered 
A. Physical characteristics 
BEF virus is a rhabdovirus in structure <l"nd most virus particles have a build 
or cone shap<! (van der \Vesthuizen. 1967: Lecatsas et a/., 1969; Holmes and 
Doherty, 1970; Murphy er at., 1972). Variations in structure were illustrated 
by Della-Porta and Snowdon ( 1980). The length of �he virion ranges from 
120-170 nm and the diameter 6Q-80 nm although values do vary slightly. That 
the virus is enveloped was first demonstrated by its sensitivity to desoxycho­
late and diethyl ether by van dcr Westhuizen ( 1967) and Lecatsas (1970). 
The s:n::i1ivity of BEF virus to materials with high and low pH values is of 
immense importance in eliminating spread in animal products. Heuschele 
{ 1970) found that it is inactivated at a pH ofeitht:r 2·5 or 12 within \0 min. and 
ot a pH of 5-1 in 60min. The production of lactic acid in muscle lowers the pH 
within hours of slaughter du�ing the ons;:t of rigor mortis. 
The classification of BEF virus as a rhabdovirus became doubtful when 
Tanaka et at. (1972) reported that its RNA was double stranded. The work of  
Della-Porta and Brown ( 1979) shows how this doubt may have arisen and that 
BEF virus is single stranded as are all other viruses with the shape of a 
rhabdovirus. 
B. Isolation and growth of BEF virus 
None of the methods of isolation of BEF virus from insects or animals is 
highly efficient in practical terms. Once a strain of BEF virus is isolated in one 
system it may be readily manipulated in another system. However, an 
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objective comparison ofthe efficiencyofeach method on field material has not 
been mudc. 
1 .  Bovine transmission 
The inoculation of cattle with blood collected from cattle with dinical 
ephemeral fever was the first successful method of isolating BEF virus. It is 
still the most efficient method but in practical terms cannot be recommended 
except in situations where the diagnosis of ephemeral fever is an unusual 
event, or for diflCrential diagnosis of the disease in an area of a country to 
which it is normally e.x;otic. MacKerras era/. ( 1940) have described the results 
of this method in great detail. · 
2. Isolation and growth in mice 
The isolation of BEF virus by the intracerebral inoculation of suckling mice 
was first reponed by van der Westhuizcn (1967). This report was follcl\ved by 
that of Inaba et a/. (1 968) from Japan and of Doherty N at. ( 1 969) and 
Spradbrow anl.l Fmncis (1969) from Australia. Vnn dcr We�thuizen ( 1 967) 
inoculated 1- to 3-day-old mice intracerebrally with a buffy coat prl!paration 
from the blood of febrile cattle and found the percentage mortality was 1 7%, 
but that this increased to 1 00% on two further passages. This low initial 
mortality in mice inoculated with material from cattle with ephemeral fever is 
quite characteristic and has been reported by others (Jnabn et at., J 968a; 
Doherty et a!., 1 969). The results of329 attempts to isolate BEF virus from the 
blood of natural clinical cases were reported by St. George et ."II. (1 977). Of the 
82 isolates obtair..:d, 21 (23%) produced par:.llysis in the suckling mice into 
which the bufry coat preparation was inoculated intracerebrally, and in the 
remaining 61 after a single blind passage. No further isolates were made after 
one or two additional passages by them. The further passage of BEF virus 
through mice at first attenuates it for caule and at a variable:: level 
(approximately the 6th-9th passa"'e).- i t  also becomes non-immunogenic for 
cattle (van dcr Westhuizen, 1967; Sasaki l!t al., 1 968; lnaba el al., 1 969h; 
Hueschele and Johnson, 1 969; Snowdon, 1970). 
The isolat.ion of BEF virus in mice from naturally infected insects has 
proved more difficult. Davies and Walker { 1974) passaged a pool of mixed 
species of Culicoides, collected in Kenyn., four times intracerebrally in sucking 
mice to achieve an isolation. Stand fast et a/. ( 1976) passaged a mixed pool of 
ten uncommon mosquitoes four times to achieve the first isolation from 
insects in Australia, and a pool of Anopheles bancroftii mosquitoes hvice in 
mouse brains. In all, approximately 405 000 insects in 5300 pools were 
processed between 1968 and 1977 to produce thest: two isoh•tcs (St�mdfast. 
personal communication). 
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The general experience with BEF virus is th:tt it can only be passaged from 
mouse to mouse by intracerebral inoculation. However, M_urphy et a!. ( 1 972) 
were able to passage BEF virus (strain 887721 of Doherty �� al., 1969) by the 




1 days old. 
Stand fast (unpublished data) was unable to repeat th1s findmg w1th the same 
strain. Attempts by Standfast (personal communication) to demonstrate a 
viraemia in mice were also unsuccessful. 
3. Oth""er laboratory animals 
Suckino hamsters and rats have been successfully used to propagate mouse 
adapted BEF virus (lnaba et a!., 1 968b). The hamsters and rats became sick or 
died and some rats also exhibited paralysis. Standfast (unpublished data) 
attempted to demonstrate a Yiracmia in rats and rabbits inoculated with BEF 
virus. The rcisolation of virus directly from blood or from mosquitoes which 
had fed on the animals was unsuccessfuL 
4. Tissue cultures 
The tiSSll� cultures which have been used for the growth of BE F virus fall into 
two categories. mammalian and 
.
insect origin. While the growth ofBEF virus 
has been clearly demonstrated in a variety of cell systems Very few attempts 
have been mJ.de to achievl! primary isolations of the virus from natura! cases 
in tissue culwres. 
(a) Mamnw!iall and insecT cell cultures. It  is a littk curious that cytopathi� 
effect is not produced in primnry bovine cell culturc:s or established bovine cell 
lines. For instance, calf kidney, testis, thyroid and thymus have all been used 
unsuccessfully (Snowdon, 1970) though Inaba ( 1 973) reported that gro\'r"th 
without cytopathic effect could occur. BEF virus will grow readily in BHK2 1 
or Vero 121  cell lines once it is well adaptt:d. Most successful primary 
isolations of BEF virus from cattle into tissue cultures have been from cattle 
experimentally infected (Snowdon, 1970). The reason may be that the huffy 
coat collecte<;I from experimental cases is fresher, or that antibody is not 
present in the blood sample (Fig. 2). 
Not u\1 strains ofBEF virus can be readily adapted to Vcro or BHK21 cells. 
The two strains of insect origin (Standfastet a/., 1976)were adapted from mice 
to grow in BHK2l and Vero cells, but only after culture for 1-2 weeks in 
Singh ·s Aedes albopictus cells. Thus there are biological variations from strain 
to strain. All BEF strains that have been tried, grow well in Aedes albopictus 
cultures and a titre of 101 TCIDso/ml, as assayed in BHK21 cells can be 
attained (St.George and Zakrzewski. unpublished datu). 
' 
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5. Insects 
BEF virus can be shown to multiply in mosquito species after the intrathoracic 
injection of mouse adapted virus. or by feeding blood virus mixtures. The 
multiplication of the virus has been demonstrated in two species of Culicoides. 
Culicoides hreL·itarsis and C. marksi and in one species of mosquito. Culex 
anmtlirostri.�, 6-8 days after they were fed on blood-virus mixture (St.George 
et al., 1977). Kay et a/. (1975) found that the virus multiplied in Cx 
annulirostris between 7 and 1 0  days but not in Aedes vigilax. However, in the 
passage through insects the virus appeared to regain its wild char<>.ctcristic of 
low pathogenicity for mice, and required one or more blind passages before 
producing paralysis in mice. 
I l l .  Cl inica l D isease, Pathogenesis and Diagnosis 
The clinical disease in cattle is very characteristic and varies little from the 
oldest to the most modern descriptions. The present ability to manipulate 
BEF virus outside its natural hosts is broadening our undl:r'::>tanding of 
pathogenesis and is aiding diagnosis. 
A Clinical disease 
The main features of the clinical disease arc the same in various countries. 
Representative descriptions of the clinical signs of natural disease in cattle 
may be found in Africa (Bevan, 1 907), Australia (Seddon, 1938) and Japan 
(Inaba, 1973) and in ether countrit:s by many other workers. The most 
�horough account of experimental disease in cattle was given by Mackerras et 
a/. ( 1940). 
1 .  Disease in cattle 
Except as specifically noted, the following description is based on personal 
observation. 
(a) Natural subclinical infections. In a, study of natural infection using sentinel 
herds St.George et al. (1 977), noted that infection could occur in cattle 
without apparent disease. In a more detailed study, in 1976, 12 heifers \Vere 
maintained. under close daily observation, with temperature recording and 
blood sampling for 60 days before and during an epidemic. Five of the 12  
animals (Table I) developed no signs o f  disease. The other seven all developed 
non-fatal, clinical disease and they also developed neutralizing antibodies. 
These animals were immune in an epidemic in 1978, two years later. 
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Table 1 The relationship of the da!e of development of neutralizing 
antibody to BEF virus to the date of the first occurrence of clinical signs of 
natural ephemeral fever in a group of 1 2  heif!!rS in an�'epidemic" 
No. weeks 
Age No. Firs� E.F seroconversion 
Animal 1st bleed n�g. seroconv::�sion clinical to clinical 
no. (weeks) bleeds date date signs 
1 1 5  2 1  30 Dec. 7 5  2 Feb. 7 6  
2 1 5  . 2 1  3 Jan. 7 6  1 2  Feb. 7 6  
3 2 4  2 5  1 3  J a n .  7 6  3 Feb. 76 
4 1 3  3> 23 Jan.  76 1 4  Feb. 7 6  
5 22 1 7  5 Jan 7 6  Subclif)icai 
6 24 1 7  5 Jan 7 6  3 1  Jan . 76 4 
7 24 9 1 9 Nov 7 5  29 Jan. !6 1 0  
8 29 25 1 9 Jan 76 Subclinical 
9 32 29 23 Jan 76 1 0  Feb. 76 
1 0  2 5  28 23 Jan 76 Subclinical 
1 1  27 28 22 Jan 76 Subclinical 
1 2  31 1 1  5 Jan. 76 Subclinic.JI 
(b) Xorura! clinical disea5f'. Natural clinical disease was studied by St. George, 
Dimmock and M mphy (unpublished data). On two occasions daily observa� 
tions were C<.trried out on groups of 12 heifers prior to and during epidemics. Tn 
those anirnais that developed clin ical disease, the rectal temperature rose 
abruptly 12-24 h (Fig. I) prior to the premonitory signs being obsern:d. There 
were one or two temperature peaks in th;! range 41-42�C during the 1-3 days 
of illness though only one is shown in Fig. 1. Unless a complicating infection 
supervened, the temperature returned to normal within 3 days. 
From observations of other cattle in \·arious herds in four epidemics it was 
apparent that the onset of clinical signs shmved great individual variation. A n  
animal may show a change i n  temperament or i t  may move away from the 
main herd, or it may stagger and fall. A dairy cow may ha,·e a diminished milk 
yield. The commonest clinical sign seen is lameness, constant or shifting, 
which may be exhibited spontaneously or be induced by movement. Many 
animals show no more signs than these 
[n more: sewre cases, the fe·.rer is accOmpanied by accelerated heart and 
respiratory rates with niles. plus ocular and nasal discharges, and cessation of 
rumination. Sometimes constipation occurs with blood flecks on the surface 
of the faeces. Occasionally excessive sali\-ation and a constant drip of saliva 
occur. There may be muscle fibrillation. swelling of one or more joints or 
supr�orbital swelling. The animal may appear to'be very stiff, standing with its 
head hnnging down, 'vith back arched and appearing w:ry depressed. More 
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Serum Neutralizing Antibody Titre 
-29 -22-t:;-s -7 -9 -s -4 -3 -2 -1 o 1 2 3 4 s 
Days 
F1g I Hacm:.tologicul and scrulugic:d effects of.natur>.�l oo�·ine ephemera! f(;vcr \'irus infection 
in :1 cow, rclatt.-d to the period of clinical disease apd \·ir;temia. 
severe cases still bct:ome prostrate in sternal or lateral recumbency with the 
head turned to the side. A small percentage of animals cannot rise whatever 
the stimulus applied. Clinical recovery of most animals is rapid, sometimes in 
a matter of hours, but more usnally aft.er I to 3 days. This rapid recovery 
validates the term ''ephemeral fever" The small percentage of cattle (far Jess 
than I%) which do not exhibit this rapid complete recovery, may die either 
suddenly, or after a period of complete collapse with a concomitant loss of 
reflexes, or else may be temporarily or permanently paralysed. 
Some adult animals show a fatal pulmonary emphysema with or \vithout 
the accumulation of air under the skin of the backline (Anon, 1937; Inaba, 
1973; Theodoridis and Coetzer, 1 979; Shepherd, personal communication). 
Clinical sign� are much more severe in adult animals than in calves and are 
exacerbated by forced exercise. Complications take four forms: pneumonia, 
mastitis, infertility and locomotory disturbances. The pneumonia may be 
caused by bacteria. A diminished milk yield (Seddon, 1938: Henning, 1956; 
Theodoridis et a/., 1973) may be permanent, iflate in lactation or temporary if 
early in lactation. Mastitis may be mild or severe. In the field, consequent 
infertility is confined to bulls and may be an indirect effect of fever and heat 
stress and although it is temporary, it may occasionally last 3-6 months. Well 
nursed bulls remain fertile (Dowsctt, personal communication). Where the 
bull has residua! lack of control of the hindquarters, either partial or full. the 
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semen mav be unaffected though the bul! cannot mate. Abortions are usually 
reported during epidemics but-a causal link with BEF virus has not yet been 
established. The experimemal evidence of Theodoridis et a1-. { 1 9 73) suggests 
there is a link but that of Parsonson and Snowdon ( l974) does not support 
this. 
The pattern of epidemic disease in a particular herd or a district has been 
commented on by Seddon ( 1 938), Murray ( 1 970) and Newton and Wheatley 
(1970). The first sporadic cases may occur a week or more before the main 
epidemic wave. Most usually the disease has run its course i n  a herd in 2-3 
weeks, but may last 6--8 \Veeks. 
(c) Experimental diseasf: in cattle. The most effective way of transmitting 
infection from cow to cow is by the intra\·enous inoculation of blood (or the 
leucocyte fraction) collected from a clinical case during fever (Bevan, 1907; 
Mackerras er a!., 1 940). Other routes of injection of blood .and the use of body 
fluids other than blood were unsuccessful (Mulhearn, 1937). More unusual 
routes were used by Burgess (1973) and Tzipori and Spradbrow ( 1 975b) who 
injected BEF virus into the cervix or into fetuses. Tzipori ( 1 975b) produced 
encephalitis in calves by intracerebral injection. 
The general features of experimental disease resemble those of natural 
disease in its moderate to se\·ere forms.. The incubation period following 
intravenous injection is normally·4-7 days, but Mackerras eta!. ( 1 940) found 
it to range from 29 h to 10 days. Mulhea;-n ( 1 937) and Tzipori ( 1 975a) found 
young calves iess susceptible to experimental infection. The fever, with related 
changes in the lymphocytes and neutrophils is illustrated in Fig. 2. In contrast 
to the findings in natural cases neutralizing antibody is detected in the serum 
after clinical signs have subsided. Experimental transmission with an insect 
vector has not been achieved. 
2. Water buffalo 
Natural disease in water buffalo was reported in Malaya by Thuraisingham 
( 1 963) and was reviewed by :Vlohan ( l 968J. Since then, it  has been reported by 
Malviya and Prasad ( 1 977). The clinical signs are similar to those described 
for cattle. A small serological survey of buffalo in Malaysia in 1978 found 
17/17 sera positive for neutralizing antibodies. In Australia, subclinical 
i n�ection �� buffalo is common asjudg�d by serological surveys, I I% of I009 
bemg positiVe (St. George et al., 1977). There have been few reports of clinical 
disease in buffalo in Australia, and none of these have been confirmed. 
3. Sheep 
It is doubtful \vhether sheep become infected in nature. Some early reports 
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Fig. 2 Ha�:matologi..:�l and scrologic<LI d1Ccts of experimental infeGtion or n cow with bovine 
ephemeral fe\·cr \·iru�. relateJ to the period of diilkul cli�.:ase and \'ir<�emia. 
infection were available. Certainly no neutralizing antibody has been found in 
850 sheep serum samples collected at times and places in Australia, when the 
sheep could have been expected to have been infected (SLGcorgc. Standfast, 
and Cybinski, unpublished data). Hall et lll. {1 974) were able to trartsmir 3EF 
vir�;s to sheep with th.:: production of viraemia (2 days), and subsequent 
neutralizing antibody. No clinical signs were observed. 
4. p;gs 
Pigs have proven refractory to experimental infection (Snowdon, 1970). A 
serological suryey of 387 feral pigs in northern Australia foUnd no evidence of 
antibody to BEF virus (St. George and Cybinski. unpublished data). 
5. Wildlife 
The role of wildlife as reservoir hosts or perhaps as sufferers of clinical dl'ects 
is still obscure. tn  Kenya, Davies et a/. ( 1975) found antibody to BEF virus in 
African buffalo (Syncercus caffer) (54% of 72), Waterbuck (Kobus e!lipsi­
prynmus) (61% of 3 1), wildebeest (Connochae/es taurbws) (9�� of 32). and 
hartebeest (Alcelaphus buselllplws) (2·8% of36). Antibody in S. coj/i?r in South 
Africa was also found by Young and van den Haver ( 1969). In very small 
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surveys ofv,:i!d animals i n  Australia antibody was found in 56�{, of 169 deer 
but not in 83 marsupials (Cybinski and St.George, unpublished data). 
B. Pathogenesis 
The behaviour of the virus between infection of natural cases or the injection 
of laboratory strains and the advent of disease is virtually unknO\VO. 
The changes in the blood components are particularly i n teresting. The 
leucocyte pattern is similar in experimental (Mackerras et a/., 1940) anJ 
natural disease, though not identical (Figs I and 2). The peak of the 
neutrophilia is directly related to the temperature peak and inversely related to 
the trough of the lymphopenia. The pea� numbers of neutrophi!s in nJ.tural 
cases range from 9500 to 1 5000 mm3 (St. George and Dimmock, unpublished 
data), values being some\vhat higher than those reported for experimental 
cases by Mackerras et a!. (1940). The lymphocyte counts ranged from 
2500-6000 mm3 (mean 3950) in natural cases. The monocytes increase slightly 
in  number then decline slO\vly to normal levels in the recovery phase in natural 
and experimental infections. There is a sharp rise in the plasma fibrinogen in 
natural cases, from a normal ofappro.ximately0·5G%, to 2·0G% (Fig. 1). This 
high level declines to normal in the course of a week (SL.George, unpublished 
data). A simiiar reaction in some experimental cases has been noted by Young 
(personal communication). The neutralizing antibody picture in the natural 
case (Fig. 1 )  is very different from that in the expe.iment.1l cases in that it is 
detected 2 to 10 weeks ahead of disease (Table I, Fig. 1).  Tt characteristically 
falls durir.g the first day of clinical disca5e. but the rise is rapid in the next 
3-4 days. This indicates that the incubation pniod in insect transmitted 
disease may be prolonged, and suggests that the optimum time to collect 
vector species may be before the wave of din al cases. It is possible that 
the fall in neutralizing antibody, \vhich coincides with the viraemia, may resUlt 
in immune complex formation. This aspect of the disease requires further 
study. 
The general pathology of experimental cases has been described by a 
number of workers (Macke:rras et a!., 1940; Sasson et a!., 1970; Young and 
Spradbrow, 1977). The principal findings are effusion of fluid into the 
pericardium, the peritoneal and the pleural cavities. and into the limb joints. 
The lungs and lymph nodes may be congested and there may be haemorrhages 
in the trachea. The source of the blood which stains the faeces has not been 
found. Combs and Hill (personal communication) found excess fluid and 
fibrin-like clots in the joints of the spine. Very few natural cases have been 
studied post mor.tem. However, the findings are essentially similar to those o f  
experimental cases, except that pulmonary emphysema has been seen only i n  
natural c�ses. Hill and Schultz (1977) found evidence that traumatic damage 
to the spmal cord may be the cause of the prolonged paralysis seen in some 
cases of ephemeral fever. 
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C. Diagnosis 
A rapid, cheap diagnostic test is still required, though fluorescent antibody 
methods (Theodoridis, 1 969) show promise. The transmission oft he Yirus to 
susceptible cattle or to mice is a cumbersome or slow procc:dure. The most 
reliable method available is the detection of a rise in the titre of neutralizing 
antibody i n  paired serum samples, the first collected d.uring early clinical 
illness when the antibody is IO\v or absent and th�: second 5 to 14 days later 
(Fig. 1). The microtitre virus neutralization test in Vero cells. described by 
Burgess ( 1 974) is very useful for this. A tissue culture neutrali7.Cltion test was 
found to be superior to the mouse protection test for the deh:ction of 
antibodies in .Serum of cattle by Doherty et a/. (1973). The neutrophilia in 
clinical cases i s  a constant finding, and unless i� is present the disease observed 
is probably not ephemeral fever. The converse is not true, hO\\�\'¢r. ephemeral 
fever is only one of many diseases which can produce a neutrophilia. 
The first case in a herd in an epidemic, or a sporadic ca�e. does present 
problems of diagnosis. Once an epidemic is in progress, the very t.:haracteristic 
clinical course, of abrupt onset and rapid recovery makes the diagnosis easier. 
Combs (1 978) has listed the following conditions as confusing diagnosis; 
lbaraki disease. milk fever, acute laminitis, traumatic n:ticulitis. anaplas­
mosis, hcart\vater, malignant catarrhal fever, babesiosis, brok�n legs. blue­
tongue, anthrax, rinderpest and foot-and-mouth disease. or cours� in any one 
arcu, not all these would have to be considered. Tomori et a!. ( 1 97�) have 
produced clinical signs similar to ephemeral fever in cattle injected with 
kotonknn virus in Nigeria. Natural infection with this virus could possibly 
cause confusion in that country. 
IV Influence of Geography on Disease 
Ephemeral fever i s  widespr.:!ad in the world, but the extent of knowledge of 
prevalence and behaviour i s  quite variable, partly because of the scanty 
animal health services in some countries, and partly because of the lack of 
interest in a common disease that does not often kill. 
A. Global distribution of BEF virus and disease 
The geogr.1phical range of ephemeral fever is considembli: nnd spans the 
tropic regions of Africa, Australia and Asia. with extensions into the 
subtropics and some temperate regions. The disease has never been reported 
from North or South America. Combs (1978) described it in the USA i n  terms 
of' an exotic disease with a severe economic potential. The disease is absent 
from New Zealand and most Pacific islands. 
The countries from which ephemeral fever has been r.;:ported at some 
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time. were listed by Burgess (1 97 1 }. His inf�rmation \}'as drawn from 
FAO. \\'HO;'OlE Animal Health Yearbooks 1 964-1969. The system of 
reponing ephemeral fever as a separJte disease was changed in 1970, but there 
is little to add to his list. 
Africa: Chad, Mauritania, Portugllese Guinea. Nigeria. Central Africa� 
Republic, Ethiopia, Kenya. Tanzania: Uganda, Rwanda, Burundt, 
Congo, Zambia, Zimbabwe, Malawt, Angola, Botswana, South 
Africa, Lesotho. 
Asia: Syria, Jordan, Israel, Arabian countries, Iran. Iraq, P
_
a kist��· I�dia, 
Sri Lanka, Nepal, Laos, Malaya. Singapore, lndonesm, Phllrppmes, 
Japan. 
To these may be·added Korea (Lee, personal communication), the Shantung 
province of China (lieu, personal communication), and Taiwan 
(Otte, 1 968). 
Australia, Papua-New Guinea 
All countries \Vhich have the disease are adjacent to other infected 
countries. The uninfected countries of Europe and northern Asia must have 
an cm·iror.r;;ent unsuitable for the vectors of fiEF virus, to account for the 
lack of reports of thi� disease \Vith its \'Cry characteristic symptoms. 
B. Life cycles 
In the latt:Si international arbovirus catalogue, BEF virus is listed as a possible 
arboviru:; .(Doheny. 1978). This is � conscrv.ati\'e assessment, as there is a 
body ofcircumsta·ltial evidence that BEF \·irus is spread by insects. Also there 
is the direct experimental evidence of its growth in Culicohh•s and mosquitoes 
(St. Georg.:: e! o/.,1977) plus the isolation of strains of virus from wild caught 
Gdicoides (Davies and Walker, 1974) and mosquitoes {Standfast e1 a/ .. , 1976). 
1 .  Insect vectors 
The app3rent involvement of h\·o very different types of insect vectors 1 
Culicoides and mosquitoes has consequences for pathogenesis as well as 
epidemiology. When feeding, Cu/icoides lacerate the sk in surface and blood 
Hows into the wound, whereas mosquitoe> locate a capillary and penetrate it 
with their mouthparts. In the first instance-, any virus particles in the insects' 
saliva would initially enter the lymphatic systt:m. ln the second instance, saliva 
containing BEF virus could be deposited outside the blood vessels durino 
probing: and also directly into the bloodstream once a capillary is penetrated� 
Unfortunately, of the lhree isolations of BEF virus from i nsects, two have 
been from pools with more than one species represented. The pool of 4000 
Culicoides used by Davies and Walker ( 19i-l) in Kenya contained C. J.:in;.:i .. c. 
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nit•osi.�. C. bedfordi, C. pnllidipennis and C. comultts. The relative percentages 
of the insects in the pool are not very meaningful because, at leastin theory, 
one infected insect could transmit BEF virus. All except C. conwr11s are 
known to be able to feed on cattle. 
The first isolation of BEF from mosquitoes in Australia \Vas from a small 
pool of ten insects, all comparative rarities, Culex ( Lophoceraomyia) spp., 
Uranotaenia nivipes, U. alhescens and Aedes ( Verralina) carmemi. The secood 
isolate was from a single species of mosquito, Anopheles bancroftii. This 
mosquito is known to bite cattle and buffaloes, but its geographical range is 
restricted to the: higher rainfall tropical Me<ts of northern and eastern 
Australia, and also to New Guinea which is only a small pan of the area 
covered by the most widespread epidemic of ephemeral ft-:\'er in Australia 
(Murray, 1970). 
There is direct evidence that at least three species of insect may be involved 
in the transmission of BEF virus, and there is indirect evidence from the total 
geographical distribution of the disease that other species of insect are 
involved. Throughout much of the range of the disease, the distribution of 
potential vectors, in space and time, arc inadequately defined. In Australia. 
much preparatory work on the distribution of potential vectors has been done 
(Standfast and Dycc, 1972; Murray, 19,75), but until BEF virus is isolated 
many times from wild c;:wght insects, this preparatory work will not becoml! 
meaningful. 
C. Epidemic and endemic behaviour 
Though the occurrence of ephemeral fever in subtropical or temperate 
countries is marked by :rregular, large or small epidemics, in the absence of an 
efficient sentinel cattle system it is uncertain whether this represents a true 
absence of BEF virus in the intervening years, or merely a phase when 
a pathogenic strains circulate. BEF virus is certainly endemic in most tropical 
countries, in the sense that cases occur year by year, but whether the virus is 
maintained in every political sub-division is academic in the absence of more 
detailed studies. In the subtropics and temperate areas when: the disease is of 
more conCern, that is parts of Africa, Japan and Australia, studies ari! more 
detailed. 
1. Africa 
In southern Africa ephemeral fever first came to notice in north-western 
Rhodesia in 1906 (Bevan, 1 907), though it was regarded then as a recurrence 
rather than a "new" disease. It spread rupidly southward to reach the 
Transvaal in February 1907, and before the end of 1907 had re:!chcd the 
eastern province of the Cape. In South Africa it is confined to the subtropical 
areas. It is almost always present in the wet summer months (Henning. 1 956). 
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In Kenya, though the disease has been recognized since 1 9 1 3-19 14, there 
has been an association of epidemics of the disease with years of higher 
rainfalL However, it also occurs in areas with recent local rciin and in areas 
adjacent to saline lakes with no record of recent rain (Davies and Walker, 
1974; Davies et a!., 1975). Sentinel cattle and wild ruminants monitored by 
these workers developed antibodies in inter-epidemic periods. Rabagliati 
(1924) reponed that in 1909 the disease moved progressively down the Nile 
valley from Aswan to Cairo in the summer months, when rain is unkno\vn. 
2. Japan 
The first major outbreak of ephemeral fever w<�.s in 1 949 and outbreaks 
recurred in the summers of 1950 and 195 1 .  Appro.ximately 3/4 million cases 
were reponed. Epidemics occurred at irr.:gular intervals until 1 9 7 1  (lnaba, 
1973; Inaba. personal communic<Hion) while sporadic outbreaks occurred in 
the inter-epidemic years. The diseuse occurs either as sporadic outbreaks oras 
epidemics in late summer and the autumn. It is limited to central and western 
Japan and has not been seen north of 38: north latitude (Fig. 3). 
3. Australia 
Tht.: disease i n  Australia was mark.Cd by an explosive ourbreak in 1936-1937 
(Seddon, 1933), though earlier reports quoted by Muckerras ('f a/. ( 19-+0) 
indicate that it was not a recent entry into the Australian continent. There 
were further Ci)idemics in the )t:ars 1955-1 956. 1967-1 968. 1970--197 1 ,  
1972-1974. 1975-1976, 1977-1978 (Gee c t  a!., 1 969; Murray, 1970: Standfast 
et a/., 1973; St. George et a!., 1977) and another epidemic occurred in 
1 979-1980. Preci.:;c figures \vere not published but millions of cattle were 
affected in each epidemic. 
The years b�tween the epidemics. were not free of isolated outbreaks 
(St.GcOrge ef a/., 1 977). There w�s retrospective serological evidence of 
infection between the outbreaks 1955-1956 and 1 967-1968 (Snowdon, 1971). 
Since 1 969, a system of scmind herds has shown that scroconvcrsion has 
occurred in every year since then (St.George et a/., 1977; St.George, 
unpub_lished data). The continuously infected areas arc in the quarter of the 
continent nearest the equator. but a s�parate endemic area has been 
demonstrated since 1972 in a central coastal area of New South Wales. Thus 
there is a patlern of years where epidemic disease occurs. interspersed with 
years marked by sporadic outbreaks and subclinical infection. The disease 
occurs in summer and autumn and spreads in a general nonh-south pattern in 
thee�stern halfofthecontinent, in conformity to general wind patterns amply 
d�scnbed by Seddon ( 1 938) and Murray ( 1970). The upparcnt a bility of BEF 
vm1s to cross water gaps of up to 20 miles. pre5umably witl•in a vector. is 
commented on by Seddon ( 1 938) and St.Gcorgc et a/. ( 1 973). Epidemic 
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tB Areas where clinical ephemeral lever occurs. 
D Areas where no ephemeral lever occurs. 
Fig. 3 The map of J:�pan shows that ephcmerU! fever has never been record.:d in the northern 
part of the country. No outbreaks have occurred anywhere in Japan since 1971. 
disease is normaliy regarded as rain associated. However, the:-e are excep­
tions. Epidemic disease occurred in a large area of New South Wales \vhich 
was drought affected in 1968. No separate endemic and epidemic areas can 
really be defined with our present knowledge, but there are large areas of 
southern Australia where there is ample and continuous evidence from 
serological testing of sentinel cattle, St. George ( 1980) and cattle for export, 
that infection with BEF virus does not exist (Fig. 4). 
4. Comparison of BEF virus strains 
Strains ofviru:-; of cattle origin from several countries have been compared by 
cross neutralization tests, in tissue cultures, or in mice, and found to be very 
similar. Thus a South African strain, an Australian strain, and the Yamaguchi 
strain were compared in Japan and were found to give very similar results 
(Inaba el al., 1969a). An Iranian strain was compared with a Japanese strain 
by Hazrati et a/. (1 975), and found to be antigenically related, though the 
method was not stated. The Nigerian prototype strain (Kemp er a/., 1973) 
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fig. 4 Th� rr:�p of Australia shows the- maximum .: xtent of the epidemic spread of cph.:mcral 
fever. which w:;s r�ach�J only iil \968. Betw�¢n epid�:mics. thc infected <HC<I is much smaller. Ko 
evidence of infccEion has ever been found in the un;;haded areas. 
gave similar results \vhen compared by a complement fixation test, with 
antisera prepared against South African and Australian strains. The Kenyan 
prototype strain ,\ aS found to be antigenically identical to an Australian strain 
though the Kenyan strain produced better cytopathic effects in tissue cultures 
(Davies et a!., 1975). Snowdon (1970) found that strains from widely spaced 
Australian epidemics produced similar clinical responses when inoculated 
into cattle. 
However, not all BEF virus strains are identical. St.George et al. ( 1 977) 
described two strains originating from clinically affected cows which failed to 
induce neutralizing antibOdy in those cows to "standard" strain, but did so to 
the homologous strains. The t\VO available insect origin strains i n  Australia, 
though indistinguishable by complement fixation tests, show marked differ­
ences in mouse cross-protection tests (Standfast, 1 976), or neutralization tests 
in tissue cultures (St.George, unpublished data). Thus there is reason to 
support the contention of Macfarlane and Haig ( 1 955) that strain differences 
occur. Also double and occasional triple occurrences of clinical ephemeral 
fever in particular animals in a single epidemic were reported in Australia 
(Anon .. 1937). These ::tre exceptions to the general rule, that ::t single attack 
confers lifelong immunity. 
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0. Control and prevention 
Without knowledge of the vectors and the incubation time followi
.
l'lg the bite 
ofthe vectors,control of infected insects will have little success. It is possible to 
alleviate the effects of disease of the individual animal and to prevent infection 
by vaccination. 
1. Treatment 
Undoubtedly, the most important component of treatment of animals \Vith 
ephemeral fever is rest and protection from the elements. This is not always 
possible, for instance under open range conditions, during movement on foot 
or in vehicles, or i n  other particular circumstances. If movement of the animal 
is unavoidable, it must be accepted that the clinical signs will be exacerbated 
and the risk of mortality increased. From the time of old reports (Rabagliati, 
1924) to the present day, it has been deemed unwise to give medication by 
mouth during clinical illness except with great care, because of the r!sk of 
inhalation pneumonia due to inability of the animal to swallow. 
Treatment is either supportive or symptomatic. Anti-inflammatory drugs, 
for instance salicylates or butazolidine (Blood and Henderson, 1974) have 
been found to be beneficial. Various antibiotics have been used {Australian 
veterinary surgeons, personal communications; Phatak, 1963), the main 
benefit of these being to prevent secondary infectious pneumonia. Isotonic 
fluids given intravenously have been used to treat dehydration. The intra­
venous or subcutaneous administration of calcium borogluconate has been 
observed to be of benefit to some cattle, but not to others (St.George. 
unpublished data). 
The animals t,vhich su;vive the acute phase of the disease but sh0w residual 
paralysis, can be nursed until such time as they recover or until their 
maintenance is deemed uneconomic. The outcome for an individual animal, 
which remains paralysed for more than 1-2 days is very uncertain. 
2. Vaccines 
The vaccines used fall into three categories; live vaccines, killed vaccines and a 
combination of the two types. The rapid loss of virulence for cattle of BEF 
virus when passaged in mice noted by a report of van der Westhui1:en ( 1967), 
carried with it the warning that this was associated with a progressive loss of 
immunogenicity for cattle as the passage level in mice increased. This loss of 
immunogenicity occurs at approximately the eighth passage level. Mouse 
brain vaccines give protection when their immunogenicity is enhanced with 
adjuvants (Theodoridis el a/., 1973a; Inaba et a!., 1973; Tzipori and 
Spradbrow. 1973). 
Since BEF virus can be grown in tissue cultures, this system is much more 
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practical than using mice for production of commercial vaccines. A variety of 
adjuvants have been tried and such ,·accines have been commercially 
produced in South Africa and Japan. The later regime adoplcd in Japan was 
to follow inoculation of live vaccine with <1 formalin inactivated adjuvant 
vaccine {Inaba eta(., 1 974). Over 100 DOD cattle have been vaccinated in Japan 
(Jnaba, personal communication), but in the absence of an e pidemic. the 
success of this procedure is hard to verify. 
In Australia, the live vaccines ofSpradbrow (1 975), Tzipori et at. (1 975) and 
Tzipori and Spradbrow (1 978) have had limited field trials, but are not 
commercially produced. The killed vaccine developed by Della-Porta and 
Snowdon (1 979) has also not been tested under outbreak conditions. 
The disadvantage oflive BEF virus vaccines is that their capacity to revert 
to virulence cannot be tested until their vectors are knqwn. The safety of such 
vaccines has been argued by Lasc�lles (I976), Francis ( 1976), Della-Porta and 
Snowdon ( 1977), Francis ( 1977) and Spradbrow ( 1977). 
3. Economic effects and control 
The economic effects of ephemeral fever r"ngc from mortality to effects on 
trade within and between countries. 
(a) Loss of production. The loss Of meat is insignificant as muscle wastage is 
temporary. However, even a temporary loss of milk production (Anon., 1937; 
Gray, 1938; Theodoridis et a!., 1 973b) is irrecoverable. In Australia, Japan 
and Africa this often occurs in the season of maximum production. 
The experimental infection of co,,,-s in early, middle and late lactation with 
BEF virus by Theodoridis et a!. ( 1 973) has quantified the temporary loss of 
production of milk in a wide range bet•veen 3 1 % and 1 00%. in association with 
a temporary subclinical mastitis, plus other longu term sequellac. ·rhe 
ultimate loss of production by the death of an animal is minor on a national 
scale, but serious to individual herd owners or to farmers who have single 
animals. 
(h) Draught animals. A draught animal may be difficult to rest due to its use 
for ploughing or at harvest time. and an 01herwise mild disease may be fatal as 
a result. 
(c) Reproductire efficiency. There may be some loss by abortion in the female 
(Theodoridis el a!., 1973b) and males may suffer a temporary infertility 
(Parsonson and Snowdon, 1974). 
(d)
. 
Disruption of normal farm practices and moutwtet�t. The movement of 
tu:umals on foot or by vehicle is often impractical during the period when a 
herd is nndcrgoing an epidemic. In many herds, this means that planned 
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disease control measures such as tuberculin testing, or the collection of blood 
samples for brucellosis testing, or the preparation of animals for markets must 
be suspended until the epidemic has run its course. •. 
The cost of manufacture, storage and usc of a vaccine must be weighed 
against these losses on a country by country basis. There are two possible 
programmes, i.e. to vaccinate all cattle or bufralo in an area where the disease 
causes economic loss, or if prediction of an epidemic is possible. to vaccinate 
adult animals at times of high risk. 
4. International trade aspects of control 
The country most affected is Australia. Until the eradication of pleuropne�­
monia from Australia, the movement of live cattle and bu£raloes from a 
country infected with ephemeral fever to other countries was very limited. 
However, since that time large numbers have been moved each year by sea anc.l 
air to countries which already have ephemeral fever, as well <IS to countries 
that do not. In both instances, ephemeral fever influences the selection of the 
export animals and often imposes a cost for laboratory tests. Mnny countries 
require that the cattle or buffaloes are free of neutralizing antibody and 
originate from a herd more than 100 km from an outbreak. Some countries 
apply the same restrictions to li\'e sh�ep. However, Paplla·Ncw Guinea 
regards the animal with a neutralizing antibody titre greater than ten to be the 
safer animal to import from an endemic area. This policy has been successful 
for at least g years. Bulls whose semen is to be exported must b\! kept In insect 
proof accommodation and be continuously monitored for e\·idcnce of 
infection, though the evidence of Parsonson and Snowdon (1974) suggests 
that the risk of spread through semen is very small. Many other countries 
inf'-·1.:ted with cphemerJI fever do not export Jive animals because of th� 
presence of more serious diseases or lack of supply, so have yet to face this 
problem. 
V. Unresolved Problems and Future Trends 
Ephemeral fever as a disease is by no means completely und�rstood. The virus 
has been characterized to a fair degree, buc its relationships co other 
rhabdoviruses wiJJ probably not be resolved until more members of the 
rhabdovirus group are isolated. Though the few isolates of BEF virus from 
cattle in various parts of the world that have been compared arc antigenically 
similar, the isolates from insects within Australia have shown demonstrable 
differences. Perhaps biochemical methods will provide more practical 
methods of recognizing virulence or a virulence than the inoculation of cattle. 
The subjective aspects of clinical disease have been well reported, but 
biochemical changes and the mechanisms of the action of the \'irus in the 
vertebrate host are inadequatelydefincd. Knowledge of the beh<lviour ofBEF 
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virus in the insect is almost totally lacking. The confmnation of a diagnosis in 
single or sporadic cases tends to be slow. 
Many problems wi!l be solved or be capable of solution opec the principal 
vectors in various parts of the world are known. Until then, the epidemi� 
ological behaviour of the virus should be recorded so that the information 
.
is 
available for retrospective explanation. A greater study of ephemeral fever m 
tropical countries is urgently needed. The decision whether or not to invest in 
the production and maintenance of vaccines really depends on having the 
hard data of the costs of the disease in a particular country or a particular 
geographical region. The data is required over a span of years which would 
cover epidemic and inter-epidemic years. 
In Africa, Europe, Asia and Australia the disease is confined more by 
climatic restraints on the unknovm v.:ctors than any quarantine or control 
methods. The unanswe�ed question is what BEF virus would do if it managed 
to enter the Americas. 
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BOVINE EPHEMERAL FEVER 
(T�ree-day sickness. Bovine epizootic fever, Three-day stijfsickness) 
Identification of Disease 
A. Definition. Bovine ephemeral fever (BEF) is a non-contagious 
epizootic arthropod-borne viral disease of cattle and \\.'ater buffaloes, 
characterized by sudden onset of fever, depression. stiffness and 
lameness. The clinical severity of the disease seems inconsistent with 
the subsequent rapid recovery of most of the affected animals. 
Etiology. The BEFvirus is a single stranded14RNA. ether sensitive. 
virus15 with some morphological variation, which may be related to 
the strain. or to the method of growth and preparation used. The 
general morphology is that of a rhabdovirus:!LJ6. In the electron mi­
croscope, bullet shaped particles with 70-80 nm diameter and a heigh_t 
of 140 nm, or cones with a wider base and a heightof88 om have been 
visualised by various authors:!S-31'1-n The variation in morphology 
may have significance in the pathogenesis of the disease as virions 
with incomplete genetic information may interfere with the replica­
tion of complete viruses. The taxonomic position Of BEF virus has 
not been finalized. but it is known to be antigenically "related to at 
least 3 other non-pathogenic viruses: Kimberley virus,10 Berrimah 
virus16 and an unnamed virus (G.P. Gard personal commun;cation). 
It is probable that BEF virus will be classified in the Lyssavirus 
genus through a serological relationship to Lagos Bat virus:so These 
antigenic relationships hal/e more than academic significance be­
cause prior infections with related viruses, though not providing 
cros�-protection. can effect the antibody response of cattle subse­
quent to clinical ephemeral fever_ 
BEF virus was initially isolated in suckling mouse brains�3.s6 and 
more recently, in Aedes albopicrus-:.9 and baby hamster kidney tissue 
cultures24 The methods are very useful to isolate BEF virus blood 
from exp"erimental c;1ses but none of them is of high efficiency with 
field material. BEF virus tends to lose antigenicity as well as patho­
"genicity' when serially passaged in suckling mice or tissue culture 
cells of other species:!6.:S6• 
T. 0: St. George. MVSc. Commonwealth Sdo!ntificand ln.dustri:�l Research Organi-
zation, Queensland, Australia. , . Reviewed by C. J. Mare, DVSc. Pfid, Univo!rsity of .t\rizona, Tucson, Anzona. 
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C .  History. Ephcmeml fever was first described in South Africa i n  
1906� though the disease was known t o  have occurred previously and 
was referred to briefly by Schv-.reinfurth42 in 1867. It was clearly 
recognized in Egypt in 1 8954Cl and 192:441 The disease is now known 
to exist in a broad belt of tropical. subtropical and temperate coun­
tries in Africa. Asia and Australia4·47 and to be the same disease as 
bovine epizootic fever of Japan:!.� 
The countries where ephemeral fever occurs Jie on both sides of 
the Equator and include all the countries of Africa and those of Asia 
south of the general line encompassing Israel, Syria, Iraq, Iran. Paki­
stan. ln.dia, Bangladesh. China and southern Japan through south­
east Asia to Australia. There is evidence to support the absence of 
BEF virus from Papua-New Guinea since 1 9564H, Pacific Islands. 
New Zealand, and the USAH There have been no reports of ephem­
eral fever from North or South America. 
Signs 
A. Clinical Feat/Ires. The fever of ephemeral fever is generally 
biphasic with peaks of(I04-107"F) spaced 12-18 hours apart {T.D. St. 
George and M.F Uren. unpublished data). Thus the actual height of 
the rectal temperature measured during an initial examination is very 
variable. The physical signs during the first febrile phase tend to be 
mild except for the dramatic fall in milk production of lactating 
cows13 The characteristic signs which have been reported similarly 
from various countries 19-�243·56• are those of the second febrile phase. 
These signs include accderated heart and respiratory rates. anorex­
ia. rumenal atony. depression. se.ous or mucoid nasal and ocular 
discharges. salivation. muscle twitching or waves of shivering. a 
generalized stiffness or a shifl:ing lameness. There may be submandi­
bular edema)4, or patchy edema elsewhere on the head. (. 1any ani­
mals become recumbent for 12-24 hours, but are able to rise if suffi­
ciently· stimulated. Others are completely unable to rise and remain 
in sternal recumbency for hours or days. with the head turned to the 
flank. or in lateral recumbency with or without loss of most reflexes. 
Recovery begins t-2 days after the overt clinical signs are first no­
ticed and is usually complete and without sequellae in a further 1-2 
days after the overt clinical signs are first noticed. The early signs of 
improvement develop in a few hours in most cattle. 
A rang!! of complications can u.:::cur in a minority of cases. Death 
can occur suddenly· in the febrile or the reco\'ery phase. Paralysis of 
the limbs may persist for days. weeks or permanently. Recovery 
from the paralys!s can be complete. or some disablement of gait may 
remain. A temoorary infertility'may occur in bulls which show struc­
tural defects ir; spermatozoa persisting for up to 6 months7• bur infer-
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tility may be a non-specific effect of the severity of the illness. The 
loss of fertility of bulls can be minimized with nursing care and 
treatment. There is no effect on the fertilitr of the fcmale5-Js:. Earlier 
reports on the teratogenic effects of BEF virus have since been 
attributed to the Sirnbu group viruses, particularly Akabanc virus9 
Emphysema and the subcutaneous accumulation of air along the 
baddinc is an uncommon comp!i:;ation'-2:!--:7-!i-1. Aspiration pne�mo­
nia can occur from inhaled ingesta, or from oral medication in those · 
animals in which the swallowing reflex has been lost. 
The milk production of most lactating cows returns to 85-90% of 
the pre-disease levels within 10 days of disease. The 10-15% loss of 
production13s1 persists in affectcG animals for the balance of the 
lactation period. Subsequent lactations are norma.! except in those 
cows with a secondary bacterial mastitis. 
The full spectrum of clinical signs is not seen in any one animal nor 
usually in one herd. They are exacerbated by forced exercise or 
severe climatic stress. The overall economic effects oft he disease are 
due to lost production and trade restrictions rather than permanent 
disability or death. 
B. Incubation Period. The incubation period following experimen­
tal intravenous inoculation of BEF virus varies between 2 and 9 
days31.-�4 but is probably influenced by the strain and dose used. The 
natural incubation period can only be inferred. An index case, or 
cases, occur under epizootic conditions, approximatdy I '':eek 
ahead of the main wave of cases in a herd37.4?. 
Pathologic Changes 
Gross and Jt.ficroscopic Lesions. The pathology of experimental 
disez.se is \Veil described2·31, and personal observation suggests it is 
consistent with that of the natural djsease for which few descriptions 
have appeared. The sporadic mortality is responsible for this gap in 
published infonnation. The most: obvious macroscopic. lesions are 
the small amounts of fibrin-rich fluid in the pleural, peritoneal and 
pericardia! cavities or variable·amounts in the joint capsules. The 
joint capsules of the limbs are the most consistently involved but 
even1the synovial surfaces of the spine may show fibrin plaques. The 
lungs may show patchy ederria. Lymphadenitis is  consistent, but 
petech.ial hemrnorrhages of the lymph nodes are less frequent. Focal 
necrosis can be found in major muscle groups in some cases. 
The microscopic changes relate to a generalized inflammation, 
increased vascular permeability and edema. There is endothelial 
swelling and hyperplasia, with perivascular neutrophil infiltration of 
the blood vessels of the muscles, synovial membranes, fasciae and 
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tendon sheaths. There are no neural lesions to acco;int for the tempo4 
rary loss ofncr:e funct�on in par�!yzedanimals. Perr'lancnt par.'tlysis 
has been assoctated \VJth \Vallen<J.n degeneration of the cervical re­
gion of the spinal cord:?.Oc 
The hematological changes are very characteristic. There is an 
absolute rise in leucocyte numb;::rs with a reversal of ncutrophil and 
lymphocyte proportions. \Vith the onset of fever. there is a rapid fall 
in circulating lymphocytes, with a return to normal levels after 3 4 
days. This fall is foltowed some hours later by a rapid rise in neutro­
phils with the concurrent appearance of immature forms. The leuco­
cyte counts return to normal on clinical recovery. The Serum fibrino­
gen level rises to 3-4 times the normal level and returns to normal I-2 
weeks after recovery. The total serum calcium level falls to 1 .97 
mmor 1 during the febrile phases�7 and returns to normal on recovery 
(T.D. St. George. M. F Uren. G. M. Murphy. C. H. Dimrnoc k .  
unpublished data). 
Diagnosis 
A. In the Field. Single cases ue difticult to diagnose. but with a 
herd outbreak when cattle atv<!rious stages of disease can be exam­
ined, diagnosis can be made from clinical observations and the histo­
ry of the outbreak. A sample of blood should be taken during the 
period of fever and a second I-2 weeks later. Part oF the blood is 
allowed to clot and another portion is mixed with anticoagulant. 
From the uncoagulated blood. a smear is made on a glass slide and 
allowed to dry in air. Samples should be taken from animals in var­
ious stages of the disease to a:id a rapid labOratory confirmation. 
B. In rhe Laboratory. The most efficient means of proving the 
identity of the disease is the transmission to susceptible cattle by the 
intravenous injection of uncoagulated who�e blood. These cattle are 
closely observed for the development of fever and the characteristic 
signs. Virus isolation can be attempted (from the leucocyte Fraction 
of the blood) in suckling mice, or in tissue cultures, but this tends to 
be slow. A differential leucocyte count on the blood smear provides 
the most rapid supporting evidence for the field diagnosis. A high 
percentage of neutrophils with many immature forms is not p::tthog� 
no monic of ephemeral fever, but if not present the field diagnosis is 
likely to be wrong. The most t'seful and spe-cific serological test is the 
virus-serum neutraliza:ion test in Vero tissue cultures6, The flnores­
cent antibody test on a blood smear is not yet completely dependable 
as nonspecific fluorescence of neutrophils does occur in uninfected 
animals. Agar gel precipitin tests are being developed. 
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C. Differential Diagnosis. Various diseases may be confused with 
ephemeral fever when a diagnosis in the field has fo be made on a 
single animal 1 for example: early Rift Valley Fever� heartw4Lter or 
bluetongue33 and botulism, babesiosis or blackk:g. The salivation 
may possibly suggest hoof and mouth disease; hOwever. there are no 
vesicular lesions in the mouth or on the foot. It is so simple to have a 
blood smear stained and examined at any human or veterinary Iabo· 
ratory to check for the characteristic neutrophilia. that supporting. 
though not definitive, evidence to exclude most viral diseases can be 
obtained rapidly. Animal to animal tr.1nsmission would only be at­
tempted in a secure laboratory. so that differential species inocula­
tion is unlikely to be attempted in the field with a suspected arthro­
pod-borne: disease. 
Prognosis 
Most cases, especially those in young cattle, are mild to moderate­
ly severe and recovery is well advanced by the third day afrerclinical 
sif',nS are first observed. Lactating cows, bui\s in good conditioil and 
fat steers are the \Verst affected and their recovery may take up to a 
week even without complic;ations. High mortality m::1y o:.:cur3H5-43As. 
Cattle of all breeds have similar symptoms and the clinical course in 
buffaloes seems to be much the same as in cattJe3:! _ 
Epi;;.ootiology 
A. Transmission. The disease can be reproduced experimentaily in 
cattle by the intravenous inoculation of BEF virus. Epizootiofogiccl 
evidence indicates that BEF vir:.�s is spread in nature only by insect 
bite. The disease does not spread from cow to cow by close contact 
or by the transfer or injection of exudatcs31. There is experimental 
evidence that BEF virus is not spread by s"emen5·33·3' (T. D. St. 
George unpublished data). t1eat does not represent even a theoreti­
cal risk for tr.msmission as the virus is rapidly inactivated at pH 
levels below 51s_ Such acidic levels are attained rapidly-in bovine 
muscle after death. 
Epizootics of ephemeral fever occur in the summer in temperate 
climates of Austmlia, South Afri.:aandJapanand disappear with the 
first frosts. In Africa and Australia the disease h<J.s moved rapidly 
over long distances, but always in a general direction away from the 
EquatoriMIAlAl'l-'!i. In Kenya, epizootics are associated with recent 
rainfaiP2. BEF virus has been isolated from biting midges of the 
family Ceratopogonidae11. in Africa, and from mosquitoes in �ustra­
lia46, but the species involved are not proven vectors nor JS their 
distribution such as to explain the epizootiology. It is not known 
whether suitabi"e vectors exist in the Americas. 
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B. Hosts. Clinical disease has been observed only in cattle and 
water buffaloes. However. neutralizing antibodies to BEF virus have 
been found in Cape buffalo. and watcrbuck in Africae and deer in 
Australia47 Antibodies can be produced in various small laboratory 
animals by the intravenous or subcutaneous injection of BEF virus 
but disease occurs only after intracerebral injection. 
C. Immunity and Immuniz.ation. Almost ail animals which undergo 
a single bout of ephemeral fever are immune to natural or �lrtificial 
challenge. There is a very high probability that the immunity is ster­
ile, as no evidence of carrier animals has been found experimentally. 
nor been suspected from epizootiological evidence:!9·35 Where dou­
ble bouts of disease have been reported30y they have been usually 
within a single epizootic season1 Various vaccines have been pro­
duced in South Africas1, Japan27 and Australia45 These vaccines 
appear to protect against severe laboratory challenge, but objective 
evidence of their effectiveness in the field in the face of an epizootic 
has yet to be published. 
Public llealth Aspects 
There is no evidence that humans can be infect�d although many 
thousands of people have· been in contact with infected cattle and 
potentially exposed in the same environment to the vectors of the 
virus. A limited amount of serology on farmers handling infected 
cattle, and on laboratory workers handling the BEF virus has given 
negati�e results. 
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BOVINE EPHEMERAL FEVER 
( Three-day-s ickness, Bovine epi zootic fever, 
Three-day s t i ffsickness) 
I )  IDENTIFICATION O F  THE D ISEASE: 
A) Def i n i t i on. Bovine ephemeral fever (SEF) is a non-contag ious epi­
demic arthropod-borne v i  ra 1 di sease of catt 1 e and water buff a 1 oes , charac­
teri zed by sudden onset of fever, depression , st iffness and l ameness . The 
name "ephemeral fever" was appl ied to the d i sease very early in its recorded 
h i s tory, by Bevan, in 1912  (4) . The d isease i s  not ephemeral in the sense of 
being hard to see. The c l i nical  s ign s  are very obv ious and can be quite 
severe. The cl in ical signs may be ephemeral in the sense that some completely 
prostrate an ima l s  seemingly near death, may begi n  to recover qu i te rapidly. 
In  contrast. the name gi ven to ephemeral fever in Egypt by Piot ( 44)  was 
"cattle dengue". Ephemeral fever and dengue have many s i g n s  in common but are 
caused by very di fferent v i ruses. The name "cattle dengue" has fal len into 
d i suse.  
B )  Related Syndromes .  Bov i ne ephemeral fever v i ru s  (BEFV) i s  an 
unclassi f i ed rhabdovirus.  In the last few years, three v i ruses antigen i cal ly 
rel ated to BEFV have been described wh ich  are not known to be associ ated wi th 
d i sease. These are Berrimah ( 18 ) , K im�erley ( 1 1 )  and Adel aide R i ver ( 19 )  
v i ruses . However, infection wi th one of the three (K imberl ey v i rus )  is  known 
to produce heterotypic anti bod i es i n  cattle detectable by BEFV as wel l as 
homotypic anti bod ies . A consequence of thi s  prior i n fection i s  that a cow 
which has had a prior infection with Kimberley v i rus devel ops a secondary 
anti body response duri ng recovery from cl i n ical  BEF instead of a primary 
response. 
The four vi ruses are read i ly d i s t i ngu i shable from each other us ing 
hyperimmune sera produced in rabb its .  
T 0 St George, CSIRO.  D i v i s ion of Tropical Animal Science, Qld, Austral i a  
TABLE 1 - CROSS NEUTRALI ZATION TESTS USING HYPERIMMUNE RABBIT SERA 
Virus BEF K imberley Berr imah Adel a ide River 
BEF 800 
Kimberley 1600 
Berrimah 20 1600 
Adel aide Ri ver 
Caption Tabl e  1 :  These four v i ruses have a group rel ationsh i p  demonstrated by 
complement fixation tests or immunofluorescence (Cybi nski OH ,  unpubli shed 
datal but are read i l y  d i stingu i shed by cross-neutral i zation tests using rabb it  
sera. Heterotypic ant ibodies are generated more read i ly  in cattl e  than rab­
bits ( 52 ) ;  however, a fu l l  cross-neutral i zation table is not yet avai l abl e .  
There i s  a h igh degree o f  probabi l i ty that other v iruses under study 
wi l l  al so prove to be rel ated . An antigenic  rel ationship between BEF and 
Lagos Bat v i ruses ( 56 )  has been suggested. 
C) Etiol ogy. Bovine ephemeral fever vi rus is a single-stranded ( 15 , 17 )  
RNA, ether sens it ive ,  v i rus ( 1 5 )  wi th some morphol ogical vari ation, wh ich may 
be related ei ther to the strai n ,  or to the method of growth and preparation 
used. The general morphol ogy i s  that of a rhabdovirus ( 24 , 30 , 3g , 63 ) .  Using 
the el ectron mi croscope, various authors have seen bu l l et-shaped particles 
with 70 to 80 nm di ameter and a height of 140 nm. or cones with a wider base 
and a height of 88 nm ( 3 1 , 2g , 58 ) . The var i ation in morphol ogy may nave s ign i­
ficance i n  the pathogenes is  of  the di sease because incompl ete v ir ions may 
possibly interfere with the rep l ication of complete v i ruses. 
Bov i ne  ephemeral fever v i rus was in it ia l ly i sol ated i n  suck l ing 
mouse bra ins  (26 , 63)  and, more recently, i n  both Aedes al bopictus (54) 
(a  mosqu ito or i g i n  cel l l i ne) and baby hamster ki dney ti ssue cul tures 
(25,27 , 48 ) .  These methods are useful for the I so lation of BEFV b l ood from 
experimental cases but are not so far suitab l e  for BEF i sol ation from f ie ld  
materi al . Bov i ne ephemeral fever v i rus tends to  lose  antigen i c i ty as  wel l  as 
pathogen i c i ty when ser i al ly  passaged in suck 1 ing mice or tissue cu lture cel l s  
of other spec ies  ( 29 ,63 ) . Antigen i c  variation al so occurs among BEF vi ruses 
isolated from c l i n ical  cases, but no attempt has been made to correl ate th i s  
variation with v irulence or immun ity.  
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0) History. Ephemeral fever was first described in South Afr ica  i n  
1906 ( 3 )  al though the di sease occurred prev iously i n  Africa  and was referred 
to briefly by Schwei nfurth ( 46 )  in 1867 .  It was c l ear ly  recogn i zed in Egypt 
in 1895 (44 )  and 1924 ( 45 ) .  The d isease is now known to ex i s t  in  a broad belt 
of tropica l .  subtropical and temperate countries i n  Afr i ca ,  As i a  and Austral ia  
( 5 .41 , 5 1 )  and to  be  the same di sease a! bov i ne epizootic fever of  Japan ( 28)  
The countries in which  ephemeral fever occurs l i e  on  both s ides  of 
the Equator and i nc l ude al l the countries of Afric a  and. those of Asi a  south of 
the general l i ne encompassing I srael , Syri a , Iraq, Iran,  P ak i stan,  India,  
Bangl adesh, China and southern Japan through Southeast Asia  to Austral i a. 
Thi s  statement does not imply that these countries have the i nfecti on in al l 
their reg ions or at any given time . There i s  serol ogical  evidence that BEFV 
does not occur as a subc l i n ical ent i ty in the Pac if i c  I s l ands, New Zeal and . 
and the Uni ted States (9 ) . C l i n ical d i sease has not occurred in P apua-New 
Guinea si nce 1956 ( 53 ) . There have been no reports of c l i n ica l  ephemeral 
I 
fever in any part of North or South America.  
The earl iest reports of ephemeral fever were made from Afri ca but it  
was  regarded as a newly described , rather than a newly occurring  di sease . 
There is no evidence to indicate whether the v i rus or ig i nated in Africa  or 
Asia.  
I I )  SIGNS: 
A) C l in ical Features. The fever of ephemeral fever is variable in pat­
tern but general ly  ex�ibits  peaks between 40 and 42°C ( 104 and 107°F) spaced 
12 to 18 hours apart (St George m, Uren MF, unpubl i shed data) ( F igure 1 ) .  
There may be a period of several hours of normal temperature between the 
f i rst and second epi sodes of fever. C l i n i ca l  s igns  during the i nterval may 
not be read i ly apparent .  Thus the actual rectal temperature measured during 
an i n i ti a l  examination of a natural ly  infected animal may fal l within a wide 
range, 39 to 43•c .  The physi cal s igns  during the fi rst febr i l e  phase tend to 
be mi ld ( 1 )  except for the dramati c  fal l i n  mi l k  production of l ac tating cows 
04) ( F igure 2) . The characteri st ic  s igns  which  have been reported from 
various countries (20, 22 ,25 , 37 , 38 ,44,47 ,63 ) ,  are mostly  those of the second or 
l ater febr i l e  phase which are much more severe than those of the earl ier 
febr i le  phase. 
The c l i n ical  s i g n s  i n c l ude accel erated heart and respi ratory rates, 
anorex i a �  rumenal atony, depress i on ,  serous or mucoid nasal and ocu l ar 
di scharge s ,  sal i v a t i on ,  mus c l e  twi tc h i n g  or waves of shiveri n g ,  a general i zed 
stiffness or a s h i f t i n g  l ameness . There may be subman d i bu l ar edema, or patchy 
edema el sewhere on the head . Many an ima 1 s become recumbent for 12 to 24 hours 
(occas i on a l l y  for 2 to 3 days ) ,  but ar� ab l e  to r i s e  if suff i c iently stimu­
l ated . Others are comp l etely unab l e  to rise and remain  in sternal recumbency 
for hours or d ay s ,  with  the head turned to the fl ank, dr e l s e  in l ateral 
recumbency, w i th or without loss of most reflexes. Recovery beg i n s  1 to 2 
days after the overt cl i n i cal  s i g n s  are fi rst noticed and i s  usual ly compl ete 
and without seque l l ae in a further 1 to 2 day s .  The early signs  of improve ­
ment develop t o  rap i d  recovery i n  the course o f  a few hours o r  1 d ay i n  most 
catt l e .  I t  must be empha s i zed that the cl i n i cal  course is h i ghly variabl e .  
A range of compl i c at i on s  occur i n  a m i n o r i ty of cases . Oeath can 
supervene sudden l y  in the febri l e  or the recovery phase . Paral ys i s  of the 
l imbs may pers i s t  for hours, days, weeks or even permanently. Recovery from 
the paral ys i s  can be comp l ete, or some di sab l ement of g a i t  may rema i n .  
A temporary infert i l i ty occurs i n  bu l l s  wh i ch i s  characterized by 
structural defects i n  spermatozoa. Such defects may pers i s t  for up to 6 
months (8) , but the infert i 1 i ty may be a non-spec i f i c  effect of the i l l ness 
rather than d i rect damage to spermatazoa by the v i ru s .  The loss of ferti 1 i ty 
of bu l l s  can be m i n i m i zed with  nurs i n g  care and treatmen t .  There i s  no effect 
on the ferti l i ty of the female ( 6 . 43 ) .  Bov i n e  ephemeral fever virus has not 
been demonstrated to produce teratogen i c  effects.  A report by Young (65) had 
a m i s l ead i ng t i t l e .  Such effects have si nce been attr i buted to the Simbu 
group vi ruses,  part i cu l ar l y  to Akabane v i ru s  ( 10 ) .  However, sporadic reports 
of late abor t i on associ ated with  ephemeral fever have been made ( 1 ) . 
Emphysema and the subcutaneous accumul at i on of air along the 
back l i ne i s  an uncommon comp l i c a t i on ( 1,22,25,47,60) . Aspiration pneumon i a  
can occur from i nhal ed i ngesta, or from oral med i c at i on i n  those animals i n  
which the swal l ow i n g  reflex has been lost. Sick an i mal s tend to refuse to 
drink even if water i s  offered . 
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The m i l k  production of most l actating cows returns to 85% to 90% of 
the pre-d i sease level s wi thin 10 days of di sease . The 10% to 15% Joss of pro­
duction ( 1 4 , 59 )  persi sts for the bal ance of the l actation in wh ich di sease 
occurred ; however, subsequent l acations are normal . The effect of experimen­
tal di sease on l actation was described in  deta i l  by Theodorid i s  � �. , ( 59 )  
and on  natural d i sease by Dav i s � �. , ( 14) . The qual i ty of  mi l k  and cream 
produced is also affected for a period of weeks ( 1 , 38 ) . bu t  returns to normal 
except in those cows with a secondary bacteri al masti t i s .  
The fu l l  spectrum of cl i n ical s igns  i s  not seen i n  any one anfmal 
nor usual ly in one herd. The c l i n i cal s igns  are exacerbated by forced exer­
c i se or severe c l imatic stress. Th i s  can resu lt  in mortal i ty from the di sease 
i tsel f ,  or from secondary factors. For i nstance, a cow whi ch cannot walk to 
water, or if near water and unable to drink,  may d i e  of the effects of heat 
stress or dehydrati on. Deaths from water deprivation do occur in  farm or 
feed-lot cattle affected by ephemeral fever in very hot weather. Wet windy 
weather can increase losses from pneumon i a .  However, as ide  from these compl i­
cating factors, an indiv idual herd can experience a h igher case fata l i ty rate 
than surrounding herds in an epidemic .  The greater econom ic  effects of the 
di sease on a reg ional bas i s  are from lost production , d i sruption of farm or 
ranch management, and trade restrictions  rather than permanent d i sabi l i ty or 
high mortal ity. 
BJ Incubation Period. The incubation period fol l owing experimental 
i n travenous inocu l at i on of BEFV varies between 2 and 9 days ( 34 ,48) but is 
probably infl uenced by the strai n  and dose used. It is most commonly 3 to 4 
days. The natural incubation period can only be inferred. An index case, or 
cases, may occur under epidemic condit ion s ,  1 week or more ahead of the main 
wave of cases in a herd (40) . 
I l l )  PATHOLOGIC CHANGES: 
A) Pathogenes i s. The pathogenesis  of BEF is sti l l  not wel l  understood. 
The uncertainty begins  wi th the action of the insect vector when it takes the 
blood meal which resu l ts in the transmi ssion of v i ru s  to a cow. Bovi ne  ephem­
eral fever v i rus has been i sol ated from Cul icoides spec i es ( 12 )  in Africa  and 
two spec ies of mosquitoes ( 50) in  Austral i a .  Cul icoides speci es l acerate the 
derm i s  and blood from cut cap i l l aries flows into the wound.  Sal i v a  from the 
Cul icoides enters the wounds via the mouthparts wh i le  they are in contact with 
the blood . Any BEFV in the sal i v a  cou ld  enter ti ssue cel l s  adjacent to the 
wound, and multiply there, or else be phagocytosed and enter the lymphatic 
system. 
A mosquito takes a blood meal by first locating a capi l l ary and then 
inserting i ts mouthparts d i rectly i nto the bloodstream. There is thus an 
opportunity for v i ru s  from a mosquito vector to be injected in sal iva into a 
blood vessel , in contrast to the indirect route taken by v i rus from a 
Cul icoides . The mosquito thus dupl icates the most re 1 i able method of pro­
ducing ephemeral fever di sease experimental ly namely the intravenous injection 
of BEFV into a vei n .  
I t  i s ,  o f  course possible  that both Cu l icoides and mosquito species 
are vectors . A third possibi l ity i s  that mosquitoes are the effective vec­
tors, and that BEFV may multiply  in  Cul icoi des , but not be transmitted. 
Extensive l aboratory and field stud ies are vi tal to resolve which species of 
insect are vectors of BEFV and their relative efficiency as vectors. 
In the febri l e  period of ephemeral fever di sease, BEFV is associ ated 
with the leukocyte fraction of the bl ood ( 34 ) ,  However, the intermedi ate 
steps taken by BEFV between in iti al infection by an insect and a detectable 
presence in leukocytes are quite unknown . 
The pathogenes i s  of the BEF di sease is by no means wel l studied but 
some useful general i zations can be made. An i n fl ammation of snoal l blood 
vessel s  and serous surfaces was descri bed by Mackerras � !l_. (34) accounting 
for the effusion of fluid into joint and serous spaces .  These changes may be 
the result of a general i zed toxemia .  The more spectacu lar signs of muscle 
fasiculation, pares i s  or short-term paralysi s may be assoCi ated with a 
depression of total serum ( 52,61)  or ionized cal cium. The residual paralysis  
seen in  a smal l percentage of  cases may be  the  result of  damage to spinal 
nerves (23) . Unt i l  the pathogenesi s i s  fu l ly  investi gated, the features which 
make it  so unique wi l l  not be understood. 
8) Post-Mortem Lesions.  The pathol ogy of experimental di sease is well 
described ( 2 ,34 ) , and personal observation suggests i t  is cons i stent with that 
of the natural di sease for which few descriptions  have appeared. The sporadic 
mortal i ty i s  responsible  for the d irth of publ i shed information on natural 
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d i sease. The most obvious macroscop i c  1 es i on s  are the smal l amounts of fibrin  
rich f l u id  in  the  p l eural , peritoneal and  pericardi a] cav i t i es and  smal l  to  
consi derab le  amounts in  the  joint capsu les .  The  joi nts of  the  l imbs are the 
most consi stently i nvolved .  but even the synovia l  surfaces of the spine may 
show fibrin pl aq ues . The l ungs may show patchy edema. Lymphadeni t i s  is con­
si stent , but petechi al hemorrhages of 'the lymph nodes are l es s  frequently 
found .  Focal necros i s  can be observed in major muscl e groups in some cases. 
C )  Hemato 1 ogy and B iochemi stry. The mi croscopi c  changes rel ate to a 
general i zed infl ammation.  i ncreased vascul ar permeabi l i ty and edema . There is 
endothel ia l  swel l i ng and hyperpl a s i a ,  with per i vascu l ar neutrop h i l  i nfi l tration 
of the bl ood vessel s of the musc le s ,  synovia l  membranes,  fasci ae and tendon 
sheaths . There are no neural l es i on s  to account for the short- term l ass  of 
nerve function in para lysed anima 1 s. Permanent paralys i s  has been associ a ted 
with Wal l er ian degeneration of the cervi cal reg ion of the spina l  cord ( 23 ) . 
The hematological changes are very character i s t i c  ( F igures 3 and 4) . 
There is usua l ly  an abso 1 ute rise i n  l eukocyte numbers, but always a rever sa 1 
of the proport ion of neutroph i 1 s and lymphocytes .  W i th the onset of fever, 
there is a coincident and rapi d  fal l  in  c i rc u l ating  lymphocyte numbers. A 
return to normal l evel s occurs progressi vely over 3 to 4 days .  Thi s  fal l i n  
c i  r cu l  a t  i ng lymphocyte counts returns to normal on cl i n ica l  recovery. The 
serum fi brinogen l evel rises to 3 to 4 times the normal l evel and returns to 
normal 1 to 2 weeks after recovery. The total serum cal ci um l evel fal l s  to 
1 .9 7  mmol -1 during the febr i l e  phases ( 52 ,61 )  and returns to normal on 
recovery. 
V I )  D IAGNOSI S :  
A )  F i e l d  Diagnos i s ,  I n i t i a l  a n d  s ing l e cases are d iff i cu l t  to 
di agnose but with a herd outbreak , when catt le  at various stages of di sease 
can be examined , a di agnosi s  can be made from cl i n i ca l  observations  and the 
h i  story of the outbreak . 
Various di seases may be confused with ephemera l  fever when a di ag­
nos i s  in  the f iel d has to be made on a singl e animal ; for exampl e :  early Rift 
Val l ey fever , heartwater or bl uetongue and botu l i sm ,  babesios i s  or bl ackl eg 
( 9 , 36 ) .  The sa l i vation and l ameness may possi bly suggest foot-and-mouth 
di sease; however , there are no ves i c u l ar l es i ons in  the mouth or on the feet. 
It is simpl e to have a bl ood smear stained and examined at any human or 
veterinary laboratory to check for the characteri stic rel ative neutrophi l i a .  
This supporti n g ,  though not defin it ive ,  evidence which excl udes most viral 
di seases can be obtained rapi d ly �  Animal -to-animal transmission would  only be 
attempted i n  a secure l aboratory; ther.efore, di fferenti al species i nocul ation 
is unl i kely to be attempted in the field with a suspected arthropod-borne 
·di sease such as ephemeral fever . 
B) F i el d Sampl es. A sampl e  of b lood should be taken by ster i l e  tech­
nique during  the period of fever and a second 1 to 2 weeks l ater. Part of the 
initial  bl ood sampl e  is al l owed to cl ot and the bal ance is mi xed with anti­
coagaul ant .  A smal l drop of  uncoagul ated b lood i s  used to make a smear on a 
glass sl i de whi ch is al l owed to dry i n  air.  I t  can then be fixed with methyl 
al cohol . Bl ood sampl es should be taken from animal s i n  various stages of the 
di sease to aid a rap id l aboratory confirmation .  if an animal dies ,  portions  
of each ti ssue shou l d  be  col l ected i n to  formal -sal ine for hi stopathol ogi cal 
examination ( 2 ) . 
C) Laboratory D i agnostic Tests. The most efficient means of proving  
t h e  identity of ephemera 1 fever disease i s  the  transmiss i on to  suscepti b 1 e 
cattle by the intravenous injection of 2 to 10 ml of uncoagul ated blood . The 
recipient cattl e are c losely observed for the devel opment of fever and the 
characteri st ic  s i gn s .  
I t  i s  important t o  use recipient animal s that have been screened and 
found to be free from neutral i zi ng ant i bodies . or to obta i n  cattl e from out­
side the area where ephemeral fever cou l d  be expected to be abl e  to exi st .  A 
serum samp le  shou ld  be col l ected from recip ient animal s before inocu lation , 
then week ly  for 1 month. After 1 month , the recipient anima 1 s shoul d  be 
chal l enged wi th known v iru lent v i rus to compl etely confirm a posi t i ve or nega­
tive fi nding . Al l serum samp l es should  be assayed for neutral i z i ng anti bodi es 
(7 )  in one of the l aboratories of the worl d  where a neutral i zation test us ing 
BEFV is regul arly performed if an i n i ti al di agnos i s  has important 
repercussions. 
Occasiona l ly ,  i nd i v i dual catt l e  whi ch should be susceptible  to 
experimental infection are unresponsive ( 34 ) .  Therefore, a minimum of two 
cattl e  should  be used i n  any si tuat ion where the diagnos i s  i s  cri t i cal . 
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V i rus i so l ation can be attempted ( from the l eukocyte fraction  of the blood) in 
suck l i ng  mice, or in ti ssue cul tures , but th i s  procedure tends to be slow. 
Aedes a 1 bopi ctus t i ssue cul tures appear to be the most sen s i ti ve .  Unequi voca 1 
cytopathology i s  not usual l y  observed in Aedes a l bopi ctus ; cel l s  and super­
natant fl uid shou l d  be subcul tured onto BHK-21 monol ayers . A negative  resu lt  
i n  mice  or t i ssue cul tures i s  not proof that BEFV was  not present i n  the 
samp le .  
A d ifferentia l  l eukocyte count o n  the bl ood smear provi des the most 
rap id  support i ng evidence for the f iel d d iagnos i s .  A high percentage of 
neutrophi 1 s ( 52 ,66)  with many immature forms is not pathognomon i c  of ephemera 1 
fever, but if not present the f iel d  di agnos i s  i s  l i kely to be wrong.  
The  fl uorescent anti body test on  a b l ood smear i s  not yet compl etely 
dependable because non-spec if ic  fl uorescence of neutrophi l s  does occur i n  
uninfected animal s .  Agar gel prec i p i t i n  tests a r e  bei ng  devel oped . 
D) Bov i ne  Ephemeral Fever V i rus Neutral i zation Test. A mi crotiter test 
can be carri ed out in 96-wel l fl at-bottomed mi crotiter p l ates us i ng Vera cel l s  
a t  a concentration o f  2 x 1Q5 cel l s/ml . A su i tabl e med i um for growth of the 
cel l s  and d i l uent is  Medi um 199 pl us 10% v/v fetal cal f serum. The test is an 
adaptation of one descri bed by St George � 2.I_. , ( 55 ) .  Survey sera are heated 
at 56°C for 30 m i n  before bei ng  used in the test and are di l uted 1 : 4 .  Each 
serum is tested in dup l i cate ( us i ng  2 wel l s ) .  A s i n g l e  wel l ,  wh i ch wi l l  not 
receive virus , al so receives serum to check for toxic i ty of i nd i v i dual serum 
samp l es .  Known pas i ti ve and negat i ve  sera are ti trated as part o� the overal l 
test control s .  
The successive  steps for the conduct o f  the test are as  fol l ows: 
1) di spense the sera to be tested in 3 wel l s  of the m i crotiter 
p l ate in 0 .025 ml vol umes of 1 : 4  di l ut ion ;  
2 )  add an  equal vol ume of  di l uent contain i n g  100 fi fty percent 
t i ssue cul ture infected doses of a stra i n  of BEFV ; 
3 )  i ncubate the serum/virus  mi xture at 37°C for 1 hour after 
thorough mi x ing ;  
4 )  add 0 . 1  ml of  di l uent contai n i ng Vera cel l s ;  
5) incubate the pl ates in a C02 incubator at 37•c (or if th is  i s  
unavai l ab le ,  a l ayer o f  ster i le  l iquid paraffin may be added to each wel l ) ;  
6 )  after incubation for 5 days the wel l s are examined under a 
microscope for cytopathology A serum is pos i tive for antibody if no cyto-
pathic effect is observed and negative' if any cytopatho l ogy is observed; 
7) if sera are ti trated with microd i l uters the same un i t  volume i s  
used, but 4 wel l s  are used per 2-fold  d i l ution step; 
8) t i ters may be calcul ated by any standard method (e . g . , Spearman­
Karber, Reed-Muench) and are expressed as the reciprocal of the d i l ution. 
Anti serum preparation.  Spec if ic  control antisera are easily pro­
duced in rabbi ts .  The v i rus for rabbit  inocu l ations shou ld be grown in cel l s  
other than Vera cel l s  (BHK-21)  and with serum of another species substi tuted 
for fetal ca lf  serum ( for example 2% rabbit serum) . Th i s  method avoids 
raising antibod ies  against  Vera cel l s  or bov ine serum. One sat isfactory 
method to prepare a posi t i ve control anti serum i s  as fol l ows : a rabbit i s  
prebled, then g iven a series o f  3 intramuscu l ar injections with a mi xture o f  
BEFV and complete Freund ' s  adjuvant a t  week ly  interva l s  and then 1 i ntravenous 
injection with BEFV al one 4 to 6 weeks l ater. The rabbi ts are bled 7 to 10 
days after th i s  final  i njection and the serum separated from the blood. 
The most useful and spec if i c  sero log ical test is the v irus-serum 
neutral i zation test in Vera ti ssue cultures described above ( 7 ) . There are no 
absol ute cri teria on what consti tutes a posi t ive di agnosi s  from serology. The 
antibody level may r i se from negative at the lowest d i l ution tested ( 1 : 4) to 
1 : 8  or 1 : 16 or to qu ite h igh  level s of 1 : 256 to 512. The resu l t  is probabl y  
affected by what prior exposure t o  rel ated v i ruses has occurred. O n  rare 
occas ions natural ti ters of 10,000 or greater are found. As a rule of thumb, 
a rise in titer in a s ingle  animal should be greater than 4-fo l d  to give con­
fidence to an otherwi se unsupported di agnos i s .  If  a group of animal s is being 
tested at one time, al l shou ld  show a def i n i te change in antibody status i f  
paired serum samples are taken during i l l ness and 1 t o  2 weeks after recovery 
is complete. However, a range of post-infection ti ters can be expected in a 
group of recovered catt le .  
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V )  PROGNOSIS :  
Most  cases . espec i al l y  those i n  young cattl e ,  are mi l d  to moderately 
severe and recovery is wel l advanced by the third day after cl i n i cal s i gns are 
first observed. Lactating cows , bul l s  in heavy condition  and fat steers are 
the worst affected and their recovery may take up to a week even wi thout 
comp l i cations.  Cattl e of al l breeds have simi l ar symptoms and the c l i n i cal 
course i n  buffal oes seems to be much the same as i n  cattl e ( 33 ) .  However, the 
50% mortal i ty referred to by Mare ( 36 )  i s  mi s l eadi n g .  Such a mortal i ty has 
been observed on i nfrequent occasi ons  ( 35 , 36 ,4 7 )  but usua l l y  i n  anima l s  in 
groups or herds under some form of add it i onal stress . Uneventfu l  recovery is 
more normal ly  seen . 
V I )  EPIDEMIOLOGY: 
A) Geograp hical Distribution. The countries  in  whi ch BEF i nfection has 
been detected are l i sted by Burgess ( 5 )  and St George ( 51 ) and are i l l ustrated 
by Odend ' hal (41 ) .  The di sease exi sts in Africa,  As i a  and Austral i a  but not 
in Europe or the Americas . The di sease i s  endemi c in many countri es and 
period ical ly  epidemic in others . The countries whi ch are i nfected are can-
t i guous or are separated by rel atively short sea di stances from other countries 
wh ich are i nfected . New Zeal and and the Pac i f i c  I s l ands from Papua-New Gui nea 
eastward appear to be free of cl i n i cal di sease, and some have been shown to be 
free of subcl i n i cal i nfection with BEFV by serolog i cal  surveys. 
Al l the countri es of Africa  <re probably i nfected though not al l 
have offic ia l ly reported di sease .  In Asi a ,  di sease has been observed i n  
I srael , Lebanon , Syr i a ,  Iraq , Iran, Pakistan. Ind i a ,  Sr i  Lanka, Bangl adesh, 
Malaya,  I ndones i a .  parts of China  and southern Japan.  In effect, a l l  of 
southern and Southeast Asi a is probably i nfected . The barr i er whi ch l imits  
northern and southern spread i s  cl imat i c  and i s  med i ated through vector 
di stribution . The means by which BEF i nfection traverses the Yel l ow Sea to 
reach Japan from time to time, or crossed the Timor Sea to Austra l i a  ( 1 )  some­
time prior to 1936 i s  unknown. 
Now that vi ruses wi th an anti gen i c  over l ap w ith  BEFV are known to 
exist,  serologi cal surveys must be i nterpreted wi th th i s  fact in m ind .  In  the 
absence of di sease, the whol e battery of rel ated v i ruses must be appl i ed to 
survey sera to define  the agent respons ib le  for the neutral i zi ng anti body to 
BEFV . 
The boundary zones of BEF infection in the northern and the southern 
hemi spheres are marked by epidemics from time to time. Presumably, the rap id 
movement of d i sease i s  fac i l i tated by the presence of a compl etely or l argely 
susceptible cattl e  popul ation in such areas. namely Egypt ( 45 ) ,  southern 
Africa ( 4 , 20) and Austral i a  (40,47 , 53 ,o2 ) . This epidemic movement in suscep­
tible popu lations of cattle at the northern and southern 1 imits of di stribu­
tion of BEFV also means that not al l parts of such coun.tries are infected at 
any given time. An attempt to identify the over-wintering mechan ism in 
northern Austral i a  has been unsuccessful ( 32 ) .  
B )  Transmi ss ion .  Bov ine ephemeral fever virus does not spread by con­
tact, droplet infection ,  bod i l y  excreti ons  or fom ites. Eff2ctive transmission 
occurs by the transfer of v i rus from cow to cow by an i nsect vector, or by a 
hypodermic syringe. There has been no field or experimental evidence advanced 
to modify thi s  concept. The uncertainty related to natural spread l ies in the 
fact that the insect vector species are not defined. Under experimental con­
dition s ,  d i sease is only rel i ably produced by the intravenous injection of 
infective b lood . However, c l i n ical ephemeral fever has occasional ly fol l owed 
subcutaneous inocu 1 at ion ( 34 ) .  
I f  experimental cattl e are housed i n  accommodation proofed against 
flying insects,  infected and control an imal s may be housed together. 
There is experimental evidence that BEFV is not spread by semen 
(6,42) (St George, unpub l i shed datal . Meat does not represent even a theo­
retical risk for transmi ss ion as the v i rus is rap idly inactivated at pH l evels 
below 5 (21 ) .  Such acid ic  level s are attained rapidly in bov ine muscle after 
death as l actic ac id  level s rise.  
Epidemics of ephemeral fever occur only i n  the summer in  the 
temperate cl imatic zones of Austral ia ,  South Africa and Japan and disappear 
with the first frost. In  Africa and Austra 1 i a, the di sease has moved rapidly 
over long di stances in  a general d irection away from the Equator (20,45,47, 
53,62) al though local spread may be erratic .  In  Kenya, epidemics have been 
associated wi th recent rainfal l ( 1 3 ) .  Bovine ephemeral fever virus has been 
isol ated once from a pool of mixed species of biting midges of the fami ly 
Ceratop�qonidae ( 12 )  in Africa,  and three times from mosquitoes of two differ­
ent genera, in Austral i a  ( 50)  (Standfast, unpubl i shed data) , but the species 
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invol ved are not proven vectors. nor does their  d i stribut ion account for much 
of the epidemiology. It is not known whether su itab le  vectors exist in North ,  
central or  South America .  Except for trop ical areas. the  d i sease coul d  be 
expected to occur on ly in the summer and early fal l if i t  became estab l i shed 
i n  the Americas . 
There is some ev i dence that infection wi th unrel ated arbov iruses may 
i nterfere wi th natural spread of BEFV wi th a herd ( 54 ) :  Th i s  may account for 
the fact that some catt l e  do not exhi b i t  cl i n i ca l  s igns  even in a severe epi­
demic.  A subcl i n ical infection in such an imal s is ,  of course, an  al ternative 
exp l anation. 
The course of a particular outbreak wi thi n  a herd is very var i able .  
I t  is  partly infl uenced by the number and  proportion of susceptib le  catt le  i n  
the herd and partly by the  inten s i ty of  t he  epidem i c .  The period may range 
from 3 to 6 weeks .  Qu i te often the main wave of c l i n i cal cases occurs a week 
or more after a s ing le  case or a smal l cl uster of cases ( 1 , 40 ) .  I n  a major 
epidemic s ituation the early cases are not a probl em to identify but when the 
d i sease is  sporadi c  di fferential di agnosis  may be d i ff icu l t .  Forced exercise 
or stress exacerbates ephemeral fever, so yarding ,  travel l i ng on foot or 
transport, or other normal husbandry procedures may have to be suspended whi le  
infection wi th BEFV runs its course through the  herd . 
C) Host. Cattle and water buffaloes are the an imal s in wh i ch c l i n i cal 
ephemeral fever di sease occurs. Neutral i z ing  antibodi e s ,  but not d i sease,  
have been found i n  various wi l d l ife speci es i n  Africa  ( 13 , 64 ) .  
African buffalo ( Syncercus kaffer) 
Waterbuck (Kobus el l ipsi prymnus )  
W i ldebeeste (Connochaetes taurinus )  
Hartebeests (Alcel aphus  buse l aphus)  
I n  Austral i a ,  antibodies have been found i n  Red deer (Cervus 
e l aphus)  ( 51 ) ,  a species of deer introduced from Europe, but not i n  any 
spec ies of marsupi al . 
Suck l i ng mice may be paralysed or die in 12 days fo l lowing  intra­
cerbra 1 inject ion , or at a correspond ing time after b 1 ind passage at 14 days . 
The interval between infection and death shortens on passage. Antibodies can 
be produced in vari ous smal l l aboratory anima l s ,  hamsters, mice and rabb its .  
by the intravenous or  subcutaneous injection of  BEFV. The only species of 
bird in whi ch  neutral iz ing  antibodies have been found in Austral i a  is  cattl e  
egrets ( Babu lcus  � coromandus )  (St George, unpubl i s�ed data) .  Whether 
these bi rds which  are c l osely associ ated wi th cattle p l ay any part in the 
epidemiol ogy of BEFV is unknown . 
V I I )  CONTROL AND ERADICATION: 
A) Prevention . The spec ies of insect vector involved in the spread of 
BEFV are not yet defined . Therefore, no l arge-scale  specif ic  control can be 
recommended. Hous ing  may protect smal l numbers of susceptib le  cattle. In 
Austra l i a ,  cl i n i cal cases are sel dom seen i n  housed animal s ,  but this may be 
related to local vector b io logy and not apply general ly  throughout the wor ld .  
Animal movement contro l ,  segregation, local quarantine and hygienic  measures 
have been regarded as irrel evant  to the control of ephemeral fever 
Vaccination is  the only usefu l preventive measure. 
B )  Containment and Eradication.  Unless there are very speci al c ircum­
stances apply ing ,  contai nment is not possi b le .  A parti cu lar ci rcumstance 
would be when the di sease is recogni zed in a quarantine area in recently 
imported stock. One wou l d  need to be sure that BEF had been introduced wi th 
the cattle  and not acqui red after arri val . Useful steps are: to pl ace the 
cattle in accommodation proof against flying i nsects, to spray w i th an insec­
ticide, or, to suppress insects in the local envi ronment. It must be empha­
sized that, i n  the present state of knowledge, contai nment is only possib le  
for a very local i zed focus of  i nfection. 
Bovine ephemeral fever v i rus has spontaneously disappeared from some 
countries , for instance Japan ( between wel l -spaced major epidemic s ) ,  I nab a, 
(personal communication)  and Papua-New Guinea, s ince 1956 ( 53) . No country 
has attempted to eradi cate BEF. 
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C) Treatment and Immun i zation.  Ephemeral fever is one of the few v i ral  
di seases where treatment i s  benef i c i a l . and effective i f  app l ied early enough .  
The inf l ammatory bas i s  o f  the di sease can be treated wi th ant i - i nfl ammatory 
drugs such as phenyl butazone, and the more severe cases wi th add i t i onal  s igns  
of hypocalcemia or  for m i l k  fever. I t  must  be  stressed that the  an imal shou ld 
also be rested, and, i f  poss ib le ,  g i ven protection from severe cl imatic 
stress.  Unless the swal l owing ref l ex i s  observed to be function al , med ication 
should not be gi ven by mouth .  Th i s  fact has been known· s i nce the early 
descriptions of the di sease and i s  sti l l  v a l i d  today. Mi l d  cases are best 
l eft to recover where they are found .  Antibiotic  cover of severely affected 
c l i n ical cases wi l l  help  avoid a secondary pneumon i a  or masti t i s .  
Almost al l an imal s wh ich undergo a s i ng le  bout of ephemeral fever 
are immune to natural or artif i c i al chal l enge.  The immun i ty is steri l e ,  and 
no evidence of carrier an imal s has been found experimenta l ly ,  nor been 
suspected from epi demi o l og i cal evidence ( 33 ) .  Where doub le  bouts of di sease 
in indiv idual cattle have been reported, the second epi sode has occurred 
within a few week s of the i n i t i al bout with i n  a s i n g l e  ep i demi c  season ( 1 ) .  
Various vaccines have been produced i n  South Afr ica ( 57 ) ,  Japan ( 30 )  and 
Austral i a  (49) . These vacc i nes appear to protect against  severe l aboratory 
chal l enge, but objective evidence of the ir  effecti veness in the f i e l d  in the 
face of an epidemic has yet to be pub l i shed . The South Afri can and Austral i an 
vacc ines are mod if ied l i ve vi rus vaccines.  In Japan both l i v e  v i ru s  and l i ve 
v irus vacc ine fol l owed by k i l l ed vaccine  have been used i n  the f i e l d .  
Adjuva.nts appear to  be  essenti al . A n  experimenta 1 k i l l ed vacc ine  produced i n  
Austral i a  ( 16 )  did not protect against  a n  intravenous chal l enge w i th v iru lent 
BEFV . I t  was not. however, tested i n  the f i e l d .  An important point i s  made 
by Del l a-Porta and Snowdon ( 16 )  that the generation of h i gh ti ters of neutra­
l i z ing antibodies  by an antigen prepared from BEFV does not necessar i l y  mean 
that protection against  di sease has been ach ieved . 
0) Import Restrictions. Rational restriction s  on importations of 1 ive 
cattle or the ir  products should  be rel ated to the di sease. The pathogenes i s  
of the  di sease may be  sti l l  unresol ved, but  the  characteri st ics  of the  v i rus 
and method of animal to animal spread are wel l enough known to provi de a good 
guide .  
1 )  Occurrence in the country of ori g i n :  If the country of ori g i n  
i s  free o f  infection with BEFV , then l i ve an imals  cannot b e  infected at the i r  
source and if  carried without i ntermedi ate stopovers wi l l  not be infected � 
�- The general di stribution of ephemeral fever is wel l  i l l ustrated in 
"The Geographical D i stri bution of Anin>al D i seases" (41 ) .  However, in any 
given year the d i sease may not be occurring in countr i es on the fringes of the 
general d i stribution. Up-to-date information is essential  to formulate 
pol icy. 
2) Live cattl e :  It is axiomatic that an imal s febr i le  wi th BEF 
infection represent a r i sk of transfer of the d i sease from country to country 
in the era of rap id  international ai r transport. However there is no evidence 
that carrier animal s exist so the recovered animal with neutral iz ing  anti­
bodies does not  represent a threat. Th i s  l atter point  is  d ifficult  to prove 
unequivocally.  
For international movement to countries wh ich do not have BEF,  
the sero log ical ly  negative animal is  presently regarded as preferable by 
several countr ies .  In contrast, Papua-New Guinea has successfu l ly  imported 
cattle and buffaloes with BEF antibodies for 12 years without introducing 
disease. 
For importing countries which experience BEF di sease, the 
already immune an imal has an advantage over the one which has never had a BEF 
infection. A neutral i z ing  anti body ti ter equal to or greater than Hi probably 
represents natural immun i ty,  though experimental proof has never. been 
pub 1 i shed . 
3) Meat and cheese :  Meat does not represent any threat whatsoever 
on two grounds. Bov ine  ephemeral fever v irus is rapidly inactivated by the 
low pH ( 2 1 )  which is rap id ly  attained in beef after sl aughter of a cow. The 
critical requi rement for BEFV to be inocul ated into the bl oodstream to 
initi ate di sease, means meat contai n i ng l i ve v irus cou l d  not possi bly infect 
cattle. The same two criteria apply to cheese. 
4) Semen : The temperatures at wh ich frozen semen is  stored i s  
suitable for the preservation of BEFV ( 21 ) . However, the shedding  o f  BEFV 
into semen even duri ng cl i n ical di sease is an uncommon event ( 42 ) . Semen con-
taining BEFV does not appear to infect rec ip ient cows ( 6 ,42) Some bul l s  
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wh ich have experienced natural ephemeral fever temporari l y  produce abnormal 
semen ( 8 ) . Such semen wou l d  normal ly  be di scarded after col l ection in an 
arti f ic ial breeding centre and not di stributed. 
The r isk of BEFV in semen being a source of di sease to a 
reci p ient  cow is remote but in present" knowledge cannot be guaranteed as n i l .  
Semen can be imported from countries i n  wh i ch BEF occurs i f  reason ab l e  pre­
cautions are taken to ensure that the donor bul l s  are free of i n fect i on at the 
t ime semen is col l ected . Th i s  can be achi eved in two d i s t i nct ways .  Bul l s  
that have never been infected wi th BEFV can b e  used , hel d  i n  a n  area o f  the 
i nfected country in  wh i ch BEF does not occur, or permanently housed i n  i nsect­
proof accommodat ion .  The freedom of the bul l s  from i nfecti on shou l d  be mon i ­
tored by regular sero log i cal testing  in  the summer months .  Because semen i s  
hel d i n  storage before shipment ,  ampl e time for anti body t o  b e  detected can 
el apse before semen i s  cl eared for sh i pment. Two months hol di ng t ime i s  suf­
f i c ient. The second course of acti on wou l d  be to use semen from bul l s  which 
have experi enced natural di sease and have recovered. Semen from such bul l s  
has been used for many years in Austral i a  without transmitting  BEFV . Mi l l ions  
of doses of semen from such  bul l s  has  been used successfu l l y  i n  areas free of 
ephemeral fever An addi t i onal advantage is that immune bul l s  can be hel d i n  
normal accommodation i nstead of more expensive insect-proof bui l d i ng s .  
Continuous sero l ogi cal mon i toring i s  n o t  necessary i n  thi s  method. 
5) Fetal cal f serum: The risk of transferring  BEF di sease from an 
infected country to a non-infected cour.try by means of fetal cal f serum i s  
extremely l ow. There i s  experimental evidence that BEFV does not cross the 
p l acenta (43)  to i n fect the fetus .  The accumulated f i e l d  evidence and the 
serology of calves born into senti nel herds (St George, unpub l i shed data) 
suggest that prenatal i n fection of a bov ine fetus is a rare even t ,  if i t  does 
occur. The treatment that fetal cal f serum receives in preparat ion  from bl ood 
would tend to el imi nate any contaminating BEFV . Most importantly,  the cel l u­
l ar fraction wh i ch wou l d  contain  most of the circulating  v i rus i s  di scarded. 
F i l tration of the serum ( 2 1 ). for bacter i al steri l i zation wou ld  al so reduce the 
ti ter of any residual BEFV . A simp l e  precaution i s  to heat fetal c a l f  serum 
for 30 mi nutes at 56" C  which treatment wou l d  el imi nate even h i gh t i ter BEFV 
(21 ) .  
6 )  Other means :  Hi des and ha ir ,  whether treated or untreated. 
represent no threat. Si nce BEFV is not spread by feces . the cl ean i ng and 
di s i nfection  of transport used to convey an ima l s  from. or through .  a BEF 
i nfected zone has no relevance. The important precautions are to prevent 
transfer of i nsects of such transport <from the ori g i nal country or from stop­
over points . 
V I I  I ) PUBL I C  HEALTH ASPECTS: 
There is no ev idence that humans can be i nfected , al though many 
thousands of peopl e have been in contact with infected cattle and potential ly 
exposed in the same env i ronment to the vectors of the virus. A l i mited amount 
of serol ogy on farmers handl ing  i nfected cattl e ( Snowdon and St George, 
unpub 1 i shed data ) ,  and on 1 aboratory workers handl i ng BEFV, has gi ven negative 
resu lts .  Thus i nfected an imal s and thei r products do not represent a pub l i c  
health ri sk .  
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Figure 1 :  Three examples o f  temperature responses to experimental ephemeral 
fever are shown. The observation s  on which these graphs were based were made 
hourl y  ( St George TO, Uren MF, unpubl i shed data) .  Some variations of these 
patterns do occur. It should  be noted that the i n itial temperature rise pre­
cedes i l l ness . In  these catt le  under very cl ose observation the onset of 
i l l ness was noted earl ier than it would have been under natural condition s .  
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Figure 2: Th i s  chart i l l ustrates the range mi l k  yi e l d  change in a group of 15 
cows undergo i n g  natural ephemeral fever. There is a rap i d  fal l in  the m i l k  
production o f  l actat i ng an imal s wh i ch beg in s  before overt and character i s tic 
cl i n i c al s i gns of ephemeral fever are noti ced . 
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F i gure 3: The characteri st i c  revers a 1 of neutrophi 1 s and lymphocytes during 
natural ephemeral fever i s  i l l ustrated here. The change beg i n s  before the 
character i stic  symptoms are wel l developed. The r i se in pl asma fibri nogen is 
a refl ect ion of the infl ammatory nature of the di sease. 
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TEMPER ATURE CURVES DURING B O VINE EPHEMERAL F E V E R  
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F igure 4: The pattern of change of neutroph i l  and lymphocyte proportions is 
shown again in  re l at i on to i l l ne s s .  The drop in  the mean total serum cal c i um 
occurred during natural i l l ne s s  in a group of sentinel  catt l e .  However, no 
paral y s i s  occurred in th i s  group of cattl e .  
